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IIpeactaBneHo uccieqoBaHHve dopmMupoBaHHua 
aKYCTHYeCKUX TMOueH B MpOu3BOACTBeCHHOM 


NOMeleHHH MeXaHuyecKoro yuacTKa 
MHCTPyMeHTAaJIbHOrO wexa 
MallUMHOCTPOUTeJIbHOTO IpeAMpuATua. 
VMccnenqoBpaHHwe COCTOAIO H3 #He€CKOJIbBKHX 


9TallOB: MaTeMaTHYecKOrO pacueTa ypoBHel 
3ByKOBOro yaBleHHa (Y3J]) B auddy3HomM 
3BYKOBOM IlO/Ie C IpHMeHeHHeM TporpaMMHou 
cpeubi Microsoft Excel, B xone KoTOporo ObIIM 


mosyueHpr 3HayeHua Y3JI B 85 ToOUKax 
MOMeIIeCHUA; pa3pa0oTKu KOMIMI€KCHOU 
MaTeMaTHYeCKOH MOsleIM paciipocTpaHeHusa 


3ByYKa B IIpOW3BOACTBEHHOM ITIOMeIIICHHU C 
UCHONIb30BaHHveM cpebl Mathcad Application; 
(DOPMYJIMPOBKU pekoMeH alu 110 
IIPHMeHeHHIO TOJyIeHHOH MogemM. Mores 
cpene PTC 


pa3spa0oTaHa B HporpaMMHon 


Mathcad Application psepcuu 15.0 4u 


ONTHMUM3NpoBaHa JIA pellleHHA OCHOBHBIX 
MH KCHEPHbIX 3afad cCllelwMalucTa MO OxpaHe 
Tpywa lupu 


pacuerTos. 


IIPOBC CHUN aAKYCTUUCCKHX 


Pa3pa0oTKa BKJIEOUaeT Kak 
IIpOrpaMMHble HaCTpOMKU, Tak HU UTOTOBbIe 3 D- 


rpaduku. 


Ku104eBble CJIOBa: akycTuKa, WIyM, Wuddy3Hoe 

lloyie, MaTeMaTH4YecKad MOXeb, Mathcad. 
Bpezenne. Cpenu HanOoslee 

paclIiIpOcTpaHeHHbIX BpeAHbIX MPOH3BO],CTBCHHbIX 


(baKTOPOB Ha TIpOTs2»KeHHM MHOFHuX ecATHWIeTuH 
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The article provides the study of the formation of 
acoustic fields in the production space of the 
mechanical area of the tool room of the machine- 
building enterprise. The study consists of several 
stages: mathematical calculation of sound 
pressure levels (SPL) in a diffuse sound field, 
during which the values of SPL in 85 points of 
the room were obtained using the Microsoft Exel 
environment; 


software development of an 


integrated mathematical model of sound 
propagation in a production space using Mathcad 
Application; formulation of the recommendations 
on the application of the model obtained. The 
model is developed in the software of PTC 
Mathcad Application, version 15.0 and is 
optimized for the solution of the basic 
engineering tasks of the occupational safety 
specialist when performing acoustic calculations. 
The development includes both software settings 


and final 3D graphics. 


Keywords: acoustics, noise, diffuse field, 


mathematical model, Mathcad. 
Introduction. For many decades, scientists 


consider noise effects among the most common 
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yueHble OCOOO BBbIeCAIOT WIyMOBbIe 3ddexKTHI 
[1]. Dro cBa3aHO C TeM, Y4TO OTpHIaTeIbHOe 


ltyMa 
YeIOBeUeCKOM OpraH3Me, TaK WH Ha KauecTBe 


BJIMAHUC CKa3bIBaeCTCA Kak Ha 


IIPOU3SBOACTBCHHOTO Wpowecca —— 
IIPOCJICHKUBACTCA CHIDKCHHC 
IIDOU3SBOTNTCJIBHOCTH Tpya, CHWKaeCTCA 


SKOHOMHUeCKad 9@PeKTHBHOCTb NpexqpuATHA 


[2]. 


Vi3BecTHO OOJIbILOe KOJIMUeCTBO 
TeXHOJIOFM4eCKHX IIPOWeccOB HU MpOv3BOJICTB, 


KOTOpbIe COMPOBOXKTaroTca 


lryMa. 
TEXHOJIOPM4CCKUX WM KOHCTPYKTOPCKUX OF0po, 


MOBBILMCHHbIM 
YPOBHeM IlopcemMecTHo, B 
KOMIIBIOTEpHBIX KJIaccaxX HU BbIMMCJIMTeCJIBHbIX 
IWeHTpax, COOPOYHBIX, TasIbBaHH4ecKUX Ilexax 
JIA CO3aHWA OITHMaJIbHBIX MU JIOMYCTHMBbIX 
TlapaMeTpOB BO3JYIIIHOH Cpebl HCMOJIb3SyIOTCA 
KOHJMUMOHEPbI A BCHTHJIAIMOHHbIC YCTPOHMCTBA, 
uryMa 
QJIEKTPpOMarHHTHOrO =H 


KOTOpbIc <ABIIAIOTCA UCTOUHHKAaMU 
ax poTMHAMH4eCKOTO, 
MexaHHyeckoro xapaktepa. IIpu gzpeBo- u 
MeTal000paO0oTKe Cpe UCTOUHHKOB IlymMa 
CTAaHOUHBIN 


BbITCJIAFOT HMHCTPYMCHT Gt 


odopy0BaHHe, B3aHMOJICHCTBYFOILee Cc 
3aroTOBKOl (9IeKTpOMexaHiyeckue u 


HMHCBMaTHUOUeCCKHe IIDHBOLbI CTAHKOB, 


HecOaylaHCHpOBaHHble WIeTKH UH 


pe3lbl, dpe3sl, 
WMbl uw T. .) [3]. Uiupokun nepeyenb tTakux 


POTODPBI 
QIIEKTPOJBUTaTeen, cBepsa, 


IIPOU3SBOUCTBCHHBbIX IIPOHWCCCOB TWO3BOJIACT 


clelaTb BbIBO. O TOM, 4YTO mpoodsema 
WcCJIeqOBaHHA WlyMa HW ero CHMKeHHA Ha 
CeroqHAUIHHN cBoen 


MOMCHT He TepAer 


AKTYaJIbHOCTH, HeCMOTpx Ha  JOcTaTOUHOe 
KOJIMYeECTBO CYIICCTBYFOINMX CpeJICTB MH MeTOJIOB 


ee pellleHHaA. 


Cyll[eCTBeHHBIM aCclieKTOM TIpv peleHuu TaHHOn 


IIPOOJICMBI ABIIACTCA YHTCrpuvpoBaHhe 


OOIM[CH3BeECTHbIX aAKYCTHYCCKHUX pacdeTOB B 
MHMOpPMAallMOHHY!O Cpeyly C WesIbIO UCKIIKOUCHHA 
BIIMAHHA YesOBedecKOrO (bakTOpa (OWMMOKH) Ha 
KOHCYHBIC Pe3yJIbTaTbI HW YBeUIMYeHHA CKOPOCTU 
oOpadoTKH WHMOpMallMH MHOFrosJIeEMeCHTHBIX HU 
MHOroaKkTOPHbIX 


pacueTos. B IeJIAX 


HMOBbIMICHHA KaAYCCTBa HOATOTOBKHN CITCHMaAJIMNCTOB 





Tu ——— 


occupational hazards. [1]. This 1s connected with 
the fact that the negative impact of noise 
influence human body and the quality of the 
production process — we can see the decrease in 
labor productivity and in economic efficiency of 
enterprises [2]. 

There is a large number of technological 
which are 


processes and __ productions, 


accompanied by the increased noise. Air 
conditioners and ventilation devices which are 
sources of aerodynamic, electromagnetic and 
mechanical noise, are used everywhere, in 
technological and design departments, computer 
rooms and data centers, assembly rooms and 
galvanizing rooms to create the optimal and 
permissible parameters of air pollution. In 
woodworking and metalworking among the noise 
sources, we usually separate machining tools and 
equipment that interacts with the workpiece 
(electromechanical and pneumatic drives of 
machine tools, unbalanced brushes and rotors of 
electric motors, cutters, mills, drills, saws, etc.) 
[3]. A wide list of such production processes 
allows us to conclude that the problem of the 
study of noise and its reduction at the moment 
does not lose its relevance, despite a sufficient 
number of existing tools and methods to resolve 
it. 

An essential aspect in solving this problem is the 
integration of well-known acoustic calculations in 
the information environment in order to eliminate 
the influence of the human factor (errors) on the 
results and to increase the speed of information 
processing of multi-element and multi-factor 
calculations. In order to improve the quality of 


training of specialists on labor protection, the 





110 oxpaHe CUHMTAIOT 


Tpya 
HeOOXOJMMBbIMH pa3padoTKy UW lMpwMeHeHHe 


aBTODBI 


KOMINI€EKCHOM MaTeMaTH4YeCKOM MoOeIH C 


NMYCIHOJIBSOBAHHCM KOMIIbIOTCDpHO- 


MHMOpMalMOHHOH cpebl. JianHHat MOJIeJIb 


NHOJDKHa COOTBCTCTBOBATb OCHOBHbIM 


TIOJIOMKCHUAM CTATHCTHYeCKON TCOPHW akKYCTHKH, 


pealIbHy!0 = LTyMOByt0 
IIpeCTaBIATb B rpa*Pu4ecKOM BUe pe3yJIbTAaTHI 


OTPaxKaTb CHTYyallhbo, 


MojIenMpoBaHua. LlemecooOpa3Ho lmpuMeHeHne 
MOJIeJIM KaK B Hayasle aKYCTHYCCKUX pac4deToR, 
Tak MH Hp KOHTpOse 9PMeKTHBHOCTU BbIOPaHHbIX 
CpeJICTB 3all{MTHI. 

Pacyer Y3JI B uccletyeMoM NomMeleHHnH. 
UccneyqoBaHue UW Tporno3HpoBaHue lyMa Ha 
IIPOH3BOJCTBe TO3BOJIACT BbIYMCIIMTb YPOBCHb 
3BYKOBOLO JaBJICHHA B JIKOOOM TOUKe MOMeLIeCHHA 
MW OMpeeuHTb WapaMeTpbl MpoOcTpaHcTBeHHOro 
pacripeyzeneHua 


3ByKa, CJICOBATeJIbHO, 


CIHOCOOCTByeT IIPHHATHIO 9()deKTUBHBIX 


pelleHHM OTHOCHTEJIbHO Mep IO 3allMTe OT IlyMa 
[4]. 

Ha paccmaTpHBaeMOM MeXaHH4ecKOM yu4acTKe 
ObWIM BbIeICHbI JICBATb WCTOUHHKOB IlymMa 
(MLL), tmpu4em HanOonee BBICOKHH YyPOBeCHb 
mymMa oTmMeyeH B UII] (craHoK ToKapHo- 
1K625), VL6 
apToMaTuyueckui YB-1800) u WULI7 (cranox 


I[CHTPOBOU (1MCTOrHO 


OTpe3HOH Id $Tbe30KBapIeBbIX  IWIaCTHH, 
8A607). OTH OObeKTHI ObLIM UCCIeOBaHbI B 


paMkKax JlaHHoi padorTsi (puc. 1). 


YS 
Allo 





authors consider necessary to develop and to 


apply integrated mathematical models using 
computer-information environment. This model 
must comply with the main provisions of the 
Statistical theory of acoustics; reflect the real 
noise situation, present graphically the simulation 
results. It is advisable to use this model in the 
beginning of the acoustic calculations as well as 
in monitoring of the effectiveness of the selected 


protection equipment. 


Calculation of sound pressure level in the 
study area. The study and prediction of noise at 
production site allows us to calculate the sound 
pressure level in any place of the room and to 
define the parameters of spatial distribution of 
sound, therefore, it contributes to the effective 
decision-making concerning measures for 
protection from noise [4]. 

In the mechanical area were identified nine 
noise sources (NS), with the highest noise level 
recorded in NS 1 (center lathe 1K625), NS 6 
(automatic bending machine YB -1800) and NS 7 
(machine for cutting quartz plates 8A607). These 


objects were investigated in this work (Fig. 1). 


Puc. |. [iaH MexaHwyeckoro y4aCTKa HVHCTPYMCHTaJIBHOrO HCxXa MalIMHOCTPOHTCIIBHOPO NPC HiiIpuATUA C 


BbIeneHHeM MIL c HanOoNbIIMMU YpOBHAMH 3BYKOBOrO aBJICHHA 


Fig. I. Plan of the tool room mechanical area of the machine-building enterprise with allocation of NS 


with the highest sound pressure levels. 
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IIpu cranjapTHbIx pacuéTax  BBIYMCIIAIOT 
YPOBHH 3BYKOBOrO JaBIeHHA (Y3)]) B OHO, TByx 
M00 Tpéx pacueTHbIX TOUKaX (PT) (B 3aBHCHMOCTH 
OT IIpeXbABIAeMBIX TpeOOBaHHH UW ycOBM 
muddy3HocTu oa). B aHHoM cJlygae, Kora 
pacueTbI CIyKaT aJIbTepHATHBON 9BKCIICPHMeHTY, 
KouMuYecTBO PT omKHO ObITB HeEOOXOXHMBIM U 
JJOCTATOUHBIM JIA WOCTpoeHua Tosa wtyma [5], HO 
IpH 3TOM COOTBETCTBYHOIIMM HOPMaTHBHbIM 
JOKYMeHTaM I10 H3MepeHuto LilyMa. 

Ha tulaHe yuacTkKa ObIIM OlIpeesIeHbI YCJIOBHbIe 
pacuéTHbie «TOUKH U3MepeHHs», C Yy4eTOM 
craHyaptTos [5—7]. Jia u3MepeHua XapakKTepHCTUK 
TOCTOAHHOrO IlyMa Ha yuacTKe ObIM MOCTpOeHEI 
Hauasro 


TpH koOopyMHaTHbIe cucTembI = [8]. 


KOOpqMHaT KaKOM CHCTeMbI —  TOUKH, 
paciioJIOKeHHbIe B ICHTpe COOTBETCTBYIOINIeTO 
cTaHka [8]. OT ropH30HTaIbHOM JIMHUM KaK Oro 
cTaHka ObIIM IIpoBeyeHbl yan WOR yriom 45 
TpaylycoB. 3aTeM OlpeyeseHbl TOUKM JIA pacuera 
Y3)I: 

e llepBble pacuéTHbie TOUKH — _= Ha 
pacctosHun 1 M OT cCTaHKa B_ HallpaBsieHuu 
KaK Oro Iya; 

e locileyyromMe pacueTHble TOUKH — B 
HalipaBJICHH KaxKOrO Jty4a c wWaroM 2 M. 

Kaxjlaa Touka Oblla OO03HadeHa C MOMOIIIbIO 
Tpéxpa3psxyqHOW KOMOnHalMH uNcen — XXX. 
IlepBomy pa3psJly COOTBeETCTByeT HOMep cTaHka (1, 
6, 7); BTOpoMy — HOmep Jryya, BJOb KOTOpOrO 
pacnoslaraetca TouKa (oT | yO 4); TpeTbemy — 
HOMep TOUKH «H3MepeHua» (oT 1 wo 10). Takum 
nomyuusmw 85 tTowekK Ha 


00pa30M, aBTOPBI 


TeppuTopuH y4acTka (puc. 2). 
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In the standard calculations, we find the sound 


pressure levels (SPL) in one, two or three 
(RP) (depending on_ the 


conditions of field 


reference points 
requirements and 
diffuseness). In this case, when the calculations 
serve as an alternative experiment, the number 
of RP must be necessary and sufficient to build 
the noise field [5], but at the same time 
correspond to regulatory documents on noise 
measurement. 

The reference "points of measurement" were 
determined on the site plan taking into account 
standards [5-7]. To measure characteristics of 
continuous noise, three coordinate systems were 
built at the site [8]. The coordinate origin of 
each system is the point, located in the center of 
the corresponding machine [8]. From the 
horizontal line of each machine the rays at an 
angle of 45 degrees were constructed. Then the 
points to calculate SPL were determined: 

e the first reference points at a distance of 
1 m from the machine in the direction of each 
beam; 

e follow-up reference points in_ the 
direction of each beam in increments of 2 m. 

Each point was denoted with three-digit 
combinations of numbers — X.X.X. First 
category corresponds to the number of the 
machine (1, 6, 7); the second is the number of 
the beam, along which lays the point (1 to 4); 
third — the measure point number (1 to 10). 
Thus, the authors have received 85 points on the 
site (Fig. 2). 
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Puc. 2. Cxema pacnooxKeHuad pacueTHBIX TOUCK 


Fig. 2. Reference points location scheme 


IlomMelleHve ABIIACTCA COPa3MepHbIM, Mose WlyMa 
paccMaTpHBaeMoro y4acTKa CUHTaeM HealIbHO 


muddy3HbiM, 
HCTOUHUKOB, 


aAKYCTHUUCCKaA MOMUIHOCTB 


OTHOBPpeMeHHO W3J1y4arollux 
3BYKOBy!O 9HeEpPrro, ABJIAeTCA WOCTOAHHOU [2]. 
J\1a OlpeyeueHuA OKTAaBHbIX YPOBHeH 3BYKOBOTO 
yapienua L, B Ob B PI mnomemeHua B 30HE 
IpaMOro HW OTpaxKeHHOrO 3ByKa [3] HCHONb3yemM 
BbIpaxkeHne (1): 


0,1Ly, 
m |() iv.®O. Ay-(l-q.) 2 

L, = 101g; "= A ay -(l-a;) 5100) 
il; a,-S 


i=l 


(1) 


Oep, 

B dopmysie (1) BaxkHBIMM HCXOJHbIMH JaHHbIMu 
ABJIAKOTCA paccTosHua oT PI yO akycTw4eckHx 
weHTpos MIL, koTopbie Obi 3apaHee paccuuTaHBl 
Wa KaxKOMW TOUKH. OctTasIbHbIe MepeMeHHBIe 
BbIpaxkeHusA (1) H3MCHAIOTCA B KAXKTOM BbIOPAaHHON 
TOUKE HW OTParxkaroTcsA B pe3yIbTaTaXx pacuerTa. 


AKYyCTH4eCKHM pacueT ObIO pellieHO MpoBecTH C 


HCIIOJIb30BaHHeM IIporpaMMHOro IIpOtyKtTa 
Microsoft Excel 2010, dyHkuMu KkOoTOporo 
OTBeYaIOT  OCTaBJICHHbIM TpeOOBaHHAM = K 
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The room is proportionate, the field noise of the 
proposed location is believed to be diffuse, the 
acoustic power of sources simultaneously 
radiating the sound energy is constant [2]. To 
determine the octave sound pressure levels Lp in 
dB in RP of the facilities in the area of direct and 
reflected sound [3] we use the expression (1): 
L, = 104g 10 10; , v-(=94) & gta, 


i=l S; a,-S » 


(1) 


ep; 
In the formula (1) the distance from the RP to the 
acoustic centers of the NS is an important input 
data which was pre-calculated for each point. 
Other variables of the expression (1) change in 
each selected point and are reflected in the 
calculation results. 

The acoustic calculation was solved using 
Microsoft Excel 2010, functions of which meet 


the requirements to mathematical and, in 





TOUHOCTH MaTeMaTHW4eCcKHX HU, B 4acTHOCTH, 
akyCTHY4eCKHX pacyeToB. B BbiOpaHHo cpeye ObLI 
COCTaBJIeH WaONOH akycTuYeckoro pacyuéta PT, 
KOTOPBIN TpeyctaBsaeT coOoH KHUuTy Microsoft 
Excel. Ua0no0H Uucnonb30Basica WIA WosyueHua 
YMCJICHHBIX 3HayeHHH Y3JI Bo BCcex TOUKAaX 10 
(bopmyste (1) [3]. OcoOeHHOocTb TaHHOro mabm0Ha 
cocTOsIa B OlepaTOPCKOM KOHTposlIe 3HayeHHA 
KoopPdunveHTa Y, W3MeHAFOMeroca 10 rpaduKy, u 
3HayeHHaA KOOdMULMeHTa m, 3aBHCAIerO OT 
MHHUMAJIbHOrO Fr [2]. 

Ha pyc. 3 mpuBeqéH CKPHHIMIOT pe3yJIbTaTOB 
pacueTa ypoBHeH 3BYKOBOTO JaBsIeHuA B TOUKe No 


1.2.4. 


particular, acoustic calculations precision. The 
pattern of acoustic calculation of RP was built in 
the selected medium, which is a Microsoft Excel 
book. The pattern was used to obtain the 
numerical values of SPL in all points according to 
the formula (1) [3]. The peculiarity of this pattern 
was in the operator control of the value of the 
coefficient y, varying from a plot, and the values 
of the coefficient m depending on the minimum r 
[2]. 

Fig. 3 shows a screenshot of the results of 


calculation of sound pressure levels at the point 


no. 1.2.4. 
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Puc. 3. Pacuér ypoBHevt 3ByKOBOrO JaBlIeHua B TOUKe Neo 1.2.4 


Fig. 3. Calculation of sound pressure levels at the point No. 1.2.4 


TakuM 00pa30M Ob onpeyemeHbr Y3JI 10 BceM 


OKTaBHbIM osocaM B 85 PT. Jina yaoOcTBa no 


paccuHTaHHbIM JIaHHbIM Oba cOocTaBsIeHa 
rpaduyeckas MOJICJIb (MH YPOBH4) 
MeXaHHyecKOro yuactka, oTOOparKarollar 


3HaueHua Bcex PT u mpeyzcTaBieHHad Ha puc. 4. 


Thus SPL were determined for all octave 
bands in 85 RP. For convenience, the calculated 
data was compiled in a graphical model (level 
line) of the mechanical area that displays the 


values of all RP and is shown in Fig. 4. 
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Puc. 4. JImnuu ypoBHa paccuntTaHHEIx Y3]I 


Fig. 4. Level lines of the calculated SPL 


JlaHHad rpaduueckasdt MOJeub ABJIAeCTCA OOLIUM 
TOIEM paciipocTpaHeHHuA IryMa Ha UCCIesyeMOM 
yuacTKe. CTOMT OTMeTHTb, 4TO NOMA ItyMa Ha 
yuacTKe, B COOTBeTCTBHH C YpOBHeM 3BYKOBOTO 
aBIICHHA BHYTPUV 30HbI, Ob BbIZeIICHbI IBeTOM 
Tak, UYTO CHWKCHHe YPOBHA 3BYKOBOrO aBJICHHA 
mpoucxoyutT or kKpacuoro (95,0 ab) kK TeMHOo- 
(puomeToBoMy (89,0 wb) [9]. 

IIpopeqeHHbie UCciyeqOBaHvA MOKa3aIv, 4TO 
KaxybI UII co3sqaeT cBoe yYHUKasIbHOe 3BYKOBOe 
none. [lone HauOosee BBICOKOTO ypoBHaA (OT 89,3 
mo 92,1 ob, upu Hopme 75 yb) paciouwoxeHO Ha 
paccTosHuu B cpeyzHeM 2 Mo oT UII [8]. IIpu stom 
MMCHHO B yYKa3aHHOW 30HE paciOsIO2%*KeHbI padoune 
MectTa ollepaTOpos, OOCIY2KMBAaIOIWUX 
oOopyqoBaHve. OTMeTHM, 4TO Ha UCCIeyeMOM 
yuacTKe OlepaTopbl MOABepraloTCA BO3eHCTBUIO 
Wouew WWyMa OT HCTOUHMKOB, paciiOJIOMKeHHbIX Ha 
pacctosHuu 5 M pyr OT Apyra. DITO OTUeTIMBO 
IIpocuwexKUBaeTCA 10 OOMeH 30He CYMMHMpOBaHHA 
momen uryMa or WULI6 u ULL, BeryenenHou Ha 
puc. 2 CHHUM IBeTOM [9]. 

IIomuMo ollepaTopoB CTaHKOB, 3BYKOBOe MOE 
CO 3Ha4YeHHAMU 3BYKOBOTO JaBIeHHA OT 89,0 oO 
89,2 nb (30Ha TEMHO-uOTeTOBOrO WBeTa), OOMeH 
TJIOWMAaTbrO 140 M’, 


TaKoKe IIpeBbIMWaeyT 


HOPMaTHBHbIC 3HAYCHHA WY MOKCT BO31CHCTBOBAaTb 


p://bps-journa 





ru a 


This graphical model is a general field of 
noise propagation on the site. It should be noted 
that the noise fields at the site, in accordance 
with the sound pressure level inside the zone 
were highlighted so that the reduction in sound 
pressure level goes from red (95.0 dB) to dark 
purple (89.0 dB) [9]. 

The studies have shown that each NS creates 
its Own unique sound field. The field of the 
highest level (from 89.3 to 92.1 dB, at a rate of 
75 dB) is located at a distance of approximately 
2 m from the NS [8]. It 1s precisely in this area 
where there are workplaces of operators serving 
equipment. It should be noted that at the site the 
Operators are exposed to the noise fields from 
the sources located at a distance of 5 m from 
each other. This is evident by the total area 
summation of the noise fields from NS 6 and 
NS 7, which are highlighted in Fig. 2 in blue 
[9]. 

In addition to operators, a sound field with 
sound pressure values from 89.2 to 89.0 dB 
(dark purple area), with a total area of 140 m’, 


also exceeds normative values and can affect the 
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Ha paOOTHHKOB MeXaHH4ecKOrO yu4acTKa, ba 
ipodeccHOHasIbHad JICATCIIbHOCTb He CBA3aHa C 
KaKOro-JIM00 


oOcJy2KUBaHHeM oOopy0BaHHA, 


ABJIAFOLETOCA MCTOUHHKOM MOBBILICHHOrO ypOBHA 
uryMa [9]. 
KommuilekcHaw MaTeMaTH4uecKan MOeb. JI 


peamM3ailuu KOMIMJI€KCHOW MaTeMaTH4ecKOn 
MOJeJIM ObLIO pellleHo BOCIIOJIB3OBaTbCA 
mporpaMMHonw cpezonw Mathcad Application, 


Bepcun 15.0. JlaHHbIit BEIOOp OBIT OCyIeCTBIIEH B 
CBA3H C TeM, 4YTO TporpamMuas cpeya Mathcad 
OTHOCHTCA K_ kuJlaccy 


CHCUMaAJIBHBIX  CHCTCM 


aBTOMATH3HpOBaHHOro IIPOCKTUPOBAaHHA, 
OPHeCHTMPOBaHHBIX Ha MOATOTOBKY MHTeEPpaKTHBHBIX 
JIOKYMCHTOB C_ BH3YyalIbHbIM COMPOBOKTCHHeM 
BbIuncIeHuH [10]. Kpome Toro, cpeyja oTmu4aerca 
OTHOCHTeCIBHOH MpOCcTOTOM UCIIOJb30BaHHA U 
WMeeT HWHTYHTHBHbIM UWHTepevic MOb30BaTeIA. 


Hadop PyHKWMH MOJHOCTbIO YOBJIETBOpAeT BCeM 


WHOKCHEpHbIM TpeOOBaHHAM = TIPOMBIMWICHHOW 
aKYCTHKH. 

OTMeTUM OCHOBHBIe JOMYyMeHuA 
MOJIeJIMpOBaHuaA: 

e BbipaKkeHve (1) cOocTOuT 43  JIBYX 
QJIEMCHTOB: TepBbI — YpOBeHb 3BYKOBOrO 
WaBieHua mpaMoro 3BykKa (L;), BTropow — 


OTpaxKeHHOro (Lo); HTOFOBbIM YPOBeHb 3BYKOBOrO 
yapienua (L,) — CyYMMa pe3yIbTaTOB BLIYHCICHHM 
II€pBOTO H BTOPOrO IJIEMCHTOB; 

e MOjlelIb pa3pa0aTbIBanach fia Y3JI ua 
cpeaqHereomMetpuueckon yactote 1000 In; 

e epemeHHpie xy, B, OD (B NporpaMMHBIx 


pacuérax — Q,), WwW, a TakxKe IlyMOBBIe 
XapaKTepHcTuKH UcTOUHUMKOB L);=99 vb (UII), 
In=91 ab (UHI6), L2:=101 amb (UIL7) 


COOTBETCTBYIOT CpeysIHereOMeTpuyeCcKON 4acToTe 
1000 Iu; 

e JIA MOCTpOeHuA rpaduka yuacTKa BBeJCHbI 
3HAaYeHHA KOOPAHHAT x, y, z Bcex Tpéx ULL, npu 
39ToM VMLI1 coorBetctByroT KoopauHatsl x1, yl, zl, 
VIN6 — x2, y2, 22, a MINT — x3, y3, z3. na 
MOJIYYCHUA MOeIM B TPDEXMEPHOM IIpOcTpaHcTBe 
3ajlaHO KOHTpObHOe 3HAYeHHe KOOPJIMHATHI Z, 
paBHoe 2; 

® HMCTOUHHKH IyMa IPpWHATbI TOUCUHBIMH, 
ITVJIBCHPYIOLUMMH B IIpocTpaHcTBe (S=477); 
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the mechanical whose 


professional activity is not connected with 


workers of area 


service of any equipment that is a source of 


high level noise [9]. 


Integrated mathematical model. For the 
implementation of an integrated mathematical 
model, it was decided to use the software 
environment Mathcad Application, version 15.0. 
This choice was made due to the fact that the 
software Mathcad belongs to a class of special 
computer-aided design, for the preparation of 
interactive documents with visual computing 
[10]. In addition, the environment is relatively 
easy to use and has an intuitive user interface. 
The all 


requirements of industrial acoustics. 


function set meets engineering 


Let us note the main assumptions of the 


simulation: 


® the expression (1) consists of two elements: 


the first 1s the sound pressure level of the direct 
sound (L,), the second — of the reflected one 
(L,); the resulting sound pressure level (Lp) is 
the sum of the calculation results of the first and 
second elements; 


®* the model was developed for SPL at a 


geometric mean frequency of 1000 Hz; 


°* the variables y, B, ® (in the software 
calculations — ®,), yw, and noise characteristics 
of sources L;=99 dB (NS 1), L,=91 dB (NS 6), 
L3=101 dB (NS 7) correspond to the geometric 
mean frequency of 1000 Hz; 


* to construct the graph of the site we enter 


the coordinates x, y, z of all three NSs, with NS 
1 corresponding to the coordinates x1, yl, zl, 
NS 6 — x2, y2, z2, and NS 7 — x3, y3, z3. To 
get a model in three-dimensional space we set 
the reference value of z-coordinate, which 
equals to 2; 


® the noise sources are believed to be point, 


pulsating in space (S=4z7r); 





e omatb orpaxkyarolmlux lMoBepxHocTel 


9) - 
cocTaBuiaeT 812 mM’, B Heé BXOAAT NOMAaIb CTeH U _— - 
it includes area of the walls and the ceiling; 


MOTOIKA; 

© a=0,1 nIpu oTcyTCTBHM * a=0,1 in the absence of sound-absorbing 
3BYKOMOPIOMAlOLMX OOMMIOBOK. linings. 

OnvcaHHble yCNOBHA, XapaKTepHcTHKH UH The described conditions, characteristics and 
BbIPaAKeHHA ObUIM 3aHeCeHbI B  JOKYMEeHT, expressions were written in a document that was 
cosqanHpmi =B Mathcad 15.0. Ha _ puc. 5 created in Mathcad 15.0. Fig. 5 shows a 
lipeaqcTaBseH (pparmMeHT pa3pa6oTaHHoi fragment of the developed mathematical model. 


MaTeMaTH4ecKON MOJICJIN. 


Ll := 99 L2 = 101 L3 = 91 §= 812 

| | | —_ ea | 

B = 107.8 x= 1 Po = 1 a= 0.1 

xl = 18.4 yl = 119 z1:=1 z= 2 

x2 = 3.5 y2 = 42 2:=1 

x3 = 3 y3 = 104 3=1 
Ln(x.y) = 1 \ 10°! 4_y.B0 r a” ee : 10° ty do 
eames Ce | i JF a. 3) r i a ae 2)? i es oe 3 

LL(x— x3) +(y—y3) +(@—z3) (x—x2) +(y—y2) + (z- 22) j(x—xl) +(y—yl) +(z-azl)_ 


Lo(x,y) = (Se }I(  aaieaa | ae 1 E3) 44 = a) | 


Lp(x,y) = 10-log(Ln(x,y) + Lo(x,y)) 


Puc. 5. DparMeHT MaTeMaTH4eCcKON Moses, Co3qaHHOu B Mathcad 15.0 


Fig. 5. A fragment of the mathematical model created in Mathcad 15.0 


@MuvHasIbHOW cTayMew pa3paOoTKH ABHJIOCb The final stage of the development was the 
moctpoeHue 3D-rpaduka 0 ONMCaHHbIM construction of a 3D graphics according to the 
3aBHCHMOCTAM — TrpaduKa ypOBHA 3BYKOBOTO described dependencies - the graph of sound 
napnenua L,. U3sHauanbHo OBI MocTpoeH rpaduK pressure level L,. Originally the graph of the 
IIOBEPXHOCTH C COOMIOJCHHeEM COOTHOIMICHHM BCex surface was built with the observance of the 
reoMeTpiy4ecKux pa3MepoB TOMeIIeHHA, ratios of all geometric dimensions of the room 
w300paxKeHHBIH Ha puc. 6. Jia HarsaqHOcTu depicted in Fig. 6. For better visual perception 
BOCIIPHATHA pWMMeH€H KOMIIOHCHT <«Kapta we applied the "color map" on the increment z 
I{BETOB>> 10 IpupalyjeHuto Z (L,) — «Panyra». (Lp) — "rainbow". 


® the area of the enclosing surfaces is 812 m’, 
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Puc. 6. [paduk nopepxHoctu Y3JI 
Fig. 6. The graph of SPL surface 


OyHako aHHbI Buy 3D-rpaduka, HeCcMOTpa Ha However, this kind of 3D graphics, despite its 
CBOKO HarsIAJJHOCTb, He MO3BOJIAeT IIPOCIICIUTb C visual aspects, does not allow us to trace with 
HeEOOXOJMMOUM TOYUHOCThHIO pacnpeyeleHue ypoBHen precision the distribution of sound levels in 
3ByKa B IIPOCTpaHcTBe, TOITOMY OBbIIO MpHHATO space, so the decision was made to replace the 
pemieHue O 3aMeHe rpaduKa TOBepxXHOCTU graphics surface with "level lines", Fig. 7. 


«JIMHUAMU YPOBHA>), pic. 7. 





0 2 4 6 & 10 12 14 16 1é 2 2 


Puc. 7. JIumuu yposna 3J] 
Fig. 7. PL level lines 
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Ha nomyyeHHOM rpaduke sApKO- BbIpaxkeHo 
CYMMUpoBaHne DHEprMll WU OOpaz0BaHHe OOAacTH C 
OJMHAKOBBIMH WOKa3aTeiamMu Y3/J[, paBHbimu 90 
Wb, OXBaTbIBaIOWIeH Ba COCeqHHX MCTOUHMKAa 
urymMa: MIl6 u UILN7. ULI] we nonagaet B 9Ty 
OONacTb B CBA3H C ero yasIGHHOCTbIO OT JIBYX 
OCTAJIBHbIX HCTOUHUKOB. 

B yeux NpOBepKH aleKBaTHOCTH pa3padoTaHHoH 
MOJIeIM ObIIO MpOBeqeHO cpaBHeHHve LIYMOBBbIX 
TOJIeM, MOJIYAYCHHBIX B pe3ysIbTaTe pacueta (puc. 4) 
7) 


4TO IUTYMOBbIC KapTHHbI 


M MOerMpoBaHHuA (puc. CpaBHUTesIbHbIM 


aHaIM3 TOKa3bIBaeT, 
TpaPuKOB MMeIOT CXOHbIeC YepThI (WyOMMpye4rca 
XapakTepHad OOaCTbh CYMMAallHH LIYMOBbIX MOJIeH 
VIN6 u UUI7), a takxe uTo pacxoxyeHua B 
JAHHBIX I[BCTOBBIX OOaCTeH He3HA4MTeJIbHbI VU 


cocTaBJIAIOT OT 0,5 no 3 ab (4TO TpeHeOpexuMO 


Maio JWI aKyCTW4YeCKHX pac4ueTOB) Ipu 
kooImdduluente Koppesauu 0,87—0,95. 
IlozyueHHbie BbIBOJbI akoT OCHOBaHHe 


XapaKTepH30BaTb pa3paOOTaHHYIO MOJIeJIb Kak 


aATCKBATHYFO, 4TO WOSBOJIACT IIDOBOJUTb 


JjaIbHevtiMe UcCCIeqOBaHuA paciipeyzenenua Y3/JI 
Ha yuacTKe cC MUACHOJb30BAHHeEM pa3JIM4HBbIX 
KOMOHHAaUMH padoTaroluxX MCTOUHHKOB COrlacHo 
TEXHOJIOTMYeECKOMY TIporeccy. 

MccseqoBaHne IMMeKTHBHOCTH UIyYMO3alHTbI 


C TOMOLIbIO pa3padoTaHHon MO/IeJIM. 
Jloka3aHHad aj[eKBaTHOCTb pa3pa0oTKH MO3BOIIAeT 
HCHOIb30BaTb WpesaraeMy!O MOJIeJIb B OOAaCTU 
OlleHKH 9I(eKTHBHOCTH INYMO3allIMTbI, 4TO 
HOATBepKAaroT rpaduKku Y3/JI, mpezcTaBseHHbIe 
Ha puc. 8-10. Tak, Ha puc. 8 u300paxKeH rpaduk 
Y3/ MexaHuyeckoro yyacTKa Ip TpuMeHeHun 
3BYKONOTIOMarollen OOJIMIOBKU C 


KOIMMUIMeEHTOM 3BYKONOTIOMeCHHA Ha 


cpeqHereoMeTpnyueckow uyacrote 1000 Im mpu 


a=0,5, Ha puc. 9 npu o=0,7, a Ha puc. 10 pu 
a=0,9. 
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On the resulting chart, it is evident the 
summation of energies and the formation of an 
area with the same SPL of 90 dB, covering the 
two neighboring noise sources: NS 6 and NS 7. 
NS 1 does not fall into this region due to its 
distance from the other two sources. 

In order to verify the adequacy of the 
developed model we have compared the noise 
fields, obtained in the result of the calculation 
(Fig. 4) and the simulation (Fig. 7). The 
comparative analysis shows that the noise 
pattern graphs have similarities (the same 
characteristic region of the summation of noise 
fields NS 6 and NS 7), and also that the 
difference in the color areas are minor and range 
from 0.5 to 3 dB (which is negligible for the 
acoustic calculations) with the correlation 
coefficient 0.87—0.95. 

The findings provide a basis to characterize 
the developed model as adequate, allowing 
further studies of the distribution of SPL at the 
site using different combinations of sources 


according to the technological process. 


The study of the efficiency of noise 
protection using the developed model. The 
proven adequacy of the design allows us to use 
the proposed model in evaluation of the 
effectiveness of noise insulation, which is 
confirmed by the graphs of SPL, shown in Fig. 
8-10. Thus, Fig. 8 shows a graph of SPL 
mechanical part when using sound-absorbing 
lining with a coefficient of absorption at a 
geometric mean frequency of 1000 Hz when 
a=0,5, and in Fig. 9 with o=0,7, in Fig. 10 with 
a=0,9. 


is 


QTY BESONACHOCTb TEXHOPEHABIX UH TWPHPOATHBIX CHCTEM * 
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Puc. 8. Y3J] npu a=0,5 
Fig. 8. SPL with a=0,5 





Puc. 9. Y3J] npu a=0,7 
Fig. 9. SPL with a=0,7 
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Puc. 10. Y3J] npu a=0,9 
Fig. 10. SPL at a=0,9 


Vi3meHeHve TpaHuI, paciipoctpaHeHua moseu 


lyMa 
NOBbIMeCHHA IMMeKTHBHOCTH LIYMO3alMTbI pH 


ABIIACTCA HarIAHbIM OTOOpaxeHHeM 
YBeJIM4eCHHM KOIPDUUMEHTA 3BYKOINOFIONCHHA O 
oT 0,5 no 0,9 (HaOmHogaeTca CHHKeHHe Y3JI Ha 


paOouux MectTax Ha 8—13 JB). 


3akro4enne. Pe3yJIbTaTbI uccueqOBaHHA 
yKa3bIBaloT Ha ‘TO, 4TO liIpHMeHeHue 
pa3padoTaHHon MaTemMaTHu4yeckon MOJIeIM 
MO3BOJIAeT: 
® MHCCIIeOBaTb OcOOeCHHOCTH 
paciipoctpaHeHua u BbIABHTb yuacTkKu 


HanOoOJIbIueH KOHITCHTpaluu (yaacTKH CyMMallun) 
IIYMa B IIPOH3BOJCTBEHHOM ToMemleHun [12]; 

® OICHHTb BepOATHOCTb  pacilOuOxKeHHA 
padounx MeCT B 30HaX C IIpeBBIINIeHHeM ypoBHA 
3BYKOBOrO JaBieHua | 1 1 |; 

® BBITIOJIHHTb 


aHaJIH3 pauHOHaJIBHOrO 


pa3MelleHua OOOpyoBaHua WM paOouMxX MECT B 


IIPOH3BOJICTBCEHHOM OMeIIICeHHH C y4eTOM 
BJIMAHMA AKYCTHYeCcKOro dakTopa [13, 14]; 
e peqyoxKUTb HanOoree 9ddeKTUBHEIe 


MeTOJIbI H CpeACTBa CHWKeCHHA IIyMa, a Tak?Ke 
OLCHHTb 3*PeKTHBHOCTb CYIICCTBYFOIIMX CpeJICTB 
KOJIICKTHBHOM 3aMTHl [ 13, 14]. 

Ilo utToraM mpofenaHHOw paOoTbI aBTOPbI 


Boundaries change of the noise fields is a 
clear example of the increase in the efficiency of 
noise protection with increasing absorption 
coefficient a from 0,5 to 0,9 (a decrease of SPL 
at the workplace 8—13 dB). 

Conclusion. The results of the study indicate 
that the 


mathematical model makes it possible: 


application of the developed 

e to study peculiarities of distribution and 
to identify the areas of greatest concentration 
(summation areas) of noise in the workplace 
[12]; 

e to assess the probability of the location 
of workplaces in areas with higher sound 
pressure level [11]; 

e to perform analysis of rational location 
of equipment and workplaces in the production 
area taking into account the influence of 
acoustic factors [13, 14]; 

e to offer the most effective methods and 
means of noise reduction, as well as to assess 
the effectiveness of collective 
protection [13, 14]. 

On that basis, the authors consider it possible 


existing 
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CUHMTAlOT BOSMOXKHbIM PCKOMCHJIOBaTbh BHCJIPCHHe 


MOWeM WU OTJICJIbHBIX eC KOMIIOHCHTOB B 
cle qyroulue Mpoueccsl: 

e poeKTupoBaHve UU aHasiM3 akyCTH4ecKON 
Harpy3KU IIpOU3BOJICTBCHHBIX MOMEINeHHH, OlleHKa 


IIYMOBOLO 3arpxA3HCHHA OKPy2Karollen CpeyIbI; 


e OfroToBKa OakajlaBpoB HalipaBsieHua 
«TexHocdepHaa Oe30MacHOCTb»» (Ipu 
pa3paOoTKe 3IeEKTPOHHBIX y4eOHO- 

Me€TOJMYCCKUX KOMIIJICKCOB); 

© jJ{ONMOJHUTeIbHOe oOpa30BaHHe 110 

HalipaByieHuio «TexHocdepHad Oe30MacHOCTb»» 


(1d OOYYCHHA UCHOIb30OBAHHIO MH(OPMallMOHHBIX 
TEXHOJIOFMH pu akyCTHYeCKUX pacyderTax); 

e oOyyeHHe paOOTHHKOB  IIPOMBIIIWJICHHBIX 
IIPeAMIpuATHM OCHOBAaM OXpaHbI Tpyyla (B KayecTBe 
Hara JHOrO MaTepuaia); 

e poleyypa chelMaibHon OWeHKH ycuOBui 


Tpya (JWIa OLEHKH akycTHYecKoro PakTopa). 
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to recommend the implementation of the model 
and its individual components in the following 
processes: 

e design and analysis of acoustic load of 
production areas, assessment of noise pollution 
of the environment; 


e preparation of bachelors in 


"Technosphere safety" (when developing 


electronic educational-methodical complexes); 

e additional education in "Technosphere 
Safety" (training in the use of information 
technology in acoustic calculations); 

e training of industrial workers in the 


basics of occupational safety (illustrative 


material); 

e procedure for special assessment of 
working conditions (for the evaluation of the 
acoustic factor). 
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PaccMaTpHBarKoTCA aKTYaJIbHbIe BOLPOCbI HO 
oOecIIeyeHHIO lo*KapHon Oe30NacHOCcTH 
IIPOMBILUJICHHBIX OOBeCKTOB He@TexuMuM. 


Handonee osddekTHuBHbIM ABIAeTCA TYyIeHHe 
TOKAapOB JICETKOBOCIIIAMCHAIOINUXCA %2KUTKOCTeH 
TOpOWKOBbIMM COCTaBaMH. OJIHUM 43 HOBbIX 
IpeqoxeHuun KOMIIO3HTHOTO cocTaBa 
OrHeTyIlalluX MOPOMKOB ABJIAeCTCA BBeJTeEHHe B 
OCHOBHOH coun 


COCTAB AJIIOMO-KaJINCBbIxX 


KBaCLIIOB, CHYMDKarOULNxX CICK UBACMOCTBL Gt 


YBeJIMYMBAaOMIMX TEKYYeCTh MOpoikKa. 
Tepmorpaduyeckuit 


aHasiH3, a TakKe 


KHHCTHYUCCKHe WOKA38aATCIIM WOBCTCHHUA aJIFOMO- 


KaJIVCBbIX KBAaACIIOB TO3BOJIAIOT TOBOPHTb O 


OaroHatexKHOoU cTeneHu oOectie4ueHHA 
TOxKapHOn Oe3sonacHocTH oOopyfoBaHHA U 
alllapaToB Ha XHMU4eCCKHX u 


HedTenepepadarTbiBarollux 3aBOax 


Ku1oueBble CJIOBa: aJIKOMO-KaJIMeBbIe KBAaCIIbI, 
ernapatrauna, Wecyibdypu3auuA, KOMMO3HTHbIM 
COCTaB, OrHeTYyIMal{HH MOpPOIoK. 


Bspejenne. B NocTHHAycTpHabHbIM Wepvoy B 
pocculckolH HedbTexuMu4eCKON MpPOMBIMIJICHHOCTH 
HaOOWalOTCA TeCMIIbI pocta, onepexaromlue 
TeMIIbI pocta MupoBoro BBII [1]. Cuntre3 HoBsrx 
IIPOJYKTOB, IpvcaqoK paciliupxeT acCOpTHMMeHT 
HOBbIX YTOPIOUHX BeIeCTB WM MaTepHasloB, TO 
yKa3bIBaeT Ha HeOOXOJIMMOCTb HW aKTYAaJIbHOCTb 
YCHJICHHA MOKAapHOTO Hay30pa Ha MpewNpUATuAX, 
BbIpadaTbIBarOlMUXx XMMUYECK ytO u 
He@TeXUMUUCCKY!O IIPOYKIMI0. 
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The article considers topical issues of ensuring 


fire safety of industrial facilities of the 
petrochemical industry. The most effective is 
the extinguishing of flammable liquids fires by 
powders. One of the new _ proposals in 
composition of fire-extinguishing powders is an 
introduction to the composition the basic salt of 
aluminum potassium alum, which reduces the 
caking and increasing the flow rate of the 
powder. 

Thermal analysis and kinetic indicators of the 
behavior of aluminum-potassium alum allow us 


to speak about the reliability of fire safety 


equipment and apparatus for chemical and oil 


refineries. 
Keywords: aluminum-potassium alum, 
dehydration, desulfurization, composite 


structure, fire-extinguishing powder. 


Introduction. In the post-industrial period in 
the Russian petrochemical industry, we may 
observe the growth rate, which is higher than 
the growth of world GDP [1]. The synthesis of 
new products, additives expands the range of 
new combustible substances and materials, 
which indicates the necessity and urgency to 
strengthen fire supervision on_ enterprises 
producing chemical and petrochemical products. 

The formation and development of innovative 
processes and technologies is characterized by 


the development of a unified fire extinguishing 
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CpeJICTB, a TaK2Ke MaciITaOHbIMM UCCeOBaHuAMH. 
B mocneqHve WecaTHueTHA HavOoee HHTCHCHBHO 


wet pa3pa0OoTKa OrHeryllaliux  MOpoOLiKoB, 


IIPCACTAaBJIAFOMIUX cooon MCJIKOJIMCIHepCHBIe 


MUHCpasIbHble COJIM C pa3sJIM4HbIMU qo0aBKaMu ASIA 


IIpw Wanna UM TCKYUCCTU Gt CHYKCHMA 


CJICXKUBACMOCTH. 
IlocraHoBKa 3a,a4unM. K OCHOBHBIM 3aya4uaM, 
pelllaeMbIM C  MOMOIIIbEIO 


HOBbIX COCTABOB 


OPHCTYMalWux CpeCTB, ABJIAIOTCA UOBbINICHHC 


Teky4ecTu u CHMKeHHe CICKUBAeCMOCTH 
OFHeTyMMallHX MOPOLMIKOB. 

Hossrie TeXHOJIOTHH u odopy70BaHHe 
OOyCAaBIMBarOT BbICOKHe TpeOoBaHHa K 
KBaIM@UuKalun paOOTHUKOB. 

3HaHHA = TeopeTHYeCKHX OCHOB JMHAaMHMKU 
pa3BuTHA u TYIIeCHHA 1102%KapOB Ha 
He@TexuMuyecKHX pes IpWATHAX  <ABIIAKOTCH 


OOA3aATeCJIBHbIMH AJTA PYKOBOJMTeIen BbICHIMX 
3BCHbCB OpraHl3alW, a TaKoKe VIA paOoTHHKOB 


cpeqHero 3BeHa — HauyasIbHHKOB _ I[eCXOB, 
TEXHOJIOFOB, MacTepoB, allnmapaTunKOB 
XHMU4eCKON u HeTexuMuyecKou 


TIPOMBIMNNICHHOCTH. BaxkHbIMM TapaMeTpaMu JIA 


OllpeyeseHua CTeleHH WOKapHON onacHocTu 
ABJIAHOTCA TeMlepatypa BCIIbILIKH, 
CaMOBOCIWIaMeHeHHA, TeMIepaTypHble IpeesIbl 


BOCIVIAMCHCHHA UM Jp. 


AjmMa0aTuyeckaa TemMilepaTypa ropeHua 


ipesqmouaraeT pacxoq Bcero- BbIeUAOUeroca 
Ho, 


ropeHue 


Tenia Ha HarpeB MpOyKTOB 
muddy3uoHHoe 
CONpOBOXKTaeTCA OOMEHOM Tela B OKPYy?Karolllyto 
cpenly, 
pa3BUBarOIlaica pu WoxKape, Kak IpaBuso, Ha 30— 


ropeHua. 
TIOCKOJIBKY 
J[CMCTBUTeJIbHaA TemMilepatypa, 
50 % MeHbIle TeopeTuyecKoH. Tak, TeopeTuueckad 
TeMiepatypa ropeHua OeH3HHa paBHa 1730°C, a 
IIpH WoKape pesepByapa Cc OCH3HHOM pa3BHBaeTCA 
Temilepatypa 0 1400°C. Topenue OeH3HuHa MO2xKeT 
ObITh JIOKAIM30BaHO MeJIKO paciIibLIeHHOM BOON, 
MeHOM WIM MOpoOwKOM. OHako TylleHve BOOM 
MOXKeT He*KeIaTesIbHO, TaK KaK pa3HOCTb 
IIOTHOCTeM TOPFOUerO UH BOI MOXKET MPHBECTH K 
OCJIOKHEHHAM TPH WOKaIM3aluu orHa. Handosee 
39()(PeKTHBHbIM 


ABJIACTCA MOPOMIKOBOe 


OrHeTylleHHe. 


agents, as well as large-scale studies. In recent 
the 
development of fire extinguishing powders, 


decades, there goes most intensive 


consisting of finely dispersed mineral salts with 
various additives to make them flow and reduce 
caking. 


Statement of the problem. The main tasks 
solved with the help of new compositions of 
extinguishing agents are increasing fluidity and 
reducing caking of fire extinguishing powder. 

New technology and equipment lead to high 
demands on workers' skills. 

Knowledge of the theoretical foundations of 
the dynamics of development and fighting fires 
in petrochemical plants is required for senior 
units of the organization, as well as for low- 
level employees -chiefs of departments, 
technologists, craftsmen, operatives of chemical 
and petrochemical industries. Important 
parameters to determine the degree of fire 
hazard are the flashpoint, auto-ignition, 
temperature limits of ignition etc. 

Adiabatic temperature of combustion involves 
the heat consumption to heat the products of 
combustion. But since the diffusion combustion 
is accompanied by heat exchange in the 
environment, the actual temperature that is 
developed during a fire, is usually 30-50% less 
than the theoretical one. So, the theoretical 
temperature of combustion of gasoline is equal 
to 1730 °C, and a fire tank with gasoline 
develops temperatures up to 1400 °C. The 
combustion of gasoline can be localized with 
finely sprayed water, foam or powder. However, 
extinction water may be undesirable, as the 
difference between the densities of water and 
gas can cause complications with the 
localization of fire. The most effective is the 


powder extinction. 








Teoperuyeckan udacTb. B- cratbe_ [2] 


paccMaTpuBaroTCaA pacueTbl TreoMeTpH4ecKHXx 


apaMeTpOB [OpOlMIKOBOH cTpyH UO MeTO Ly 


H. WU. Yibauopa, wowaBaeMow WA TYMIeCHHA 


ropeHua W3 nadopaTopHoHu yCTaHOBKH. 
OrHeTyllaltu MOpOWOK COOTBETCTBYyeT COCTAaBY, 
omMcaHHoMy B Matenute [3]. ABropamu aHHoH 


CTaTbH ObWIM pacc4YMTaHbl: pa3Mep HadasIbHOrO 


yuacTka OT  paciibliMtTeia madopaTopHor 
yCTaHOBKH,  paccTOAHMe OT _ paciibiJIMTeA 
WO WouKOCca =OCHOBHOrTO y4acTKa, a  TakxKe 
olpeylesieH TaHIeHc MOJIOBHHHOrO yruia 
paciiMpeHua Ha HavasIbHOM y4acTKe MOpOUIKOBOM 
CTpyH. 

OrHeTyllalui MOpomwloK Cc WOOaBKOM asIKOMO- 
KaJIMeBbIX KBaCIIOB OOecteyHBaeT CHWKeHHe 
Cile@xKMBaeMOCTH UW yBelIM4eHHe TeKy4ecTu 


opomuka. TepmMorpaduueckui anasiv3a asIKOMO- 
KaJIMeBbIX KBAaCIIOB paccCMOTpeH B paOdote [4], a 
KMHeTHKa pa30%KeHuA u TepMHyecKon 
TMCCOMMAMHM aIKOMOKaJIMeBbIX KBaCIIOB B COCTaBe 
OrHeTyIallMX MOPOMIKOB paccMOTpeHa B padoTe 


[S]. 


TlomHasa eruyparaun47 aJIFOMOKaJIMeBbIX 
KBaCIIOB OCYIIeCTBIIAETCA pu Temiepatype 350°C 
(puc.1) u amee lpoTeKaeT pa3io%xKeHHe Cylbdata 
aJIKOMMHMA TO CXeMe: 


KoSQO4 Al(SOq)3 — K5SOu = Al,O3 + 3SO> 


Jlona 
o6e3BO.%KMBaHMA 
1,0 


0,8 


0,6 


Theoretical part. The paper [2] deals with the 


calculation of the geometric parameters of the 
powder jet by Ulyanova N.I. method supplied 
from laboratory setup to extinguish fire. Fire 
extinguishing powder corresponds to the 
composition described in the patent [3]. The 
authors have calculated the size of the initial 
portion of the atomizer from the laboratory 
setup, the distance from the atomizer to the 
main section pole and determined half-angle 
tangent of expansion in the initial section of the 
powder jet. 

Fire extinguishing powder with an aluminum- 
potassium alum additive reduces caking and 
increasing the flow rate of the powder. Thermal 
analysis of aluminum-potassium alum is 
[4], and the 


decomposition and thermal dissociation of 


considered in kinetics of 
aluminum-potassium alum in the composition of 
the fire extinguishing powder is considered in 
[5]. 

Full dehydration of aluminum-potassium alum 
is carried out at a temperature of 350°C (Fig. 1) 
and further goes the decomposition of aluminum 
sulfate according to the scheme: 

K2SOz'Alo(SO4)3 > KoSO4+ AlpO3 + 3SO2 





Puc.1. KuneTuueckuve KpuBble JeruApaTalluu asrOMOKaJIMeEBBIX KBaCIIOB IIpH Temilepatype, °C: 


Fig.1. Kinetic curves of dehydration of aluminum-potassium alum at a temperature, °C: 
1 — 40; 2 — 50; 3 — 60; 4 — 70; 5 -150; 6 — 200; 7 — 350. 


IIpu Temnepatype 680—700°C kKuHeTHKa CKOpocTu 


necylbdypu3alun WOcTuraeT MaKCHMasIbHOrO 
3HayeHua K=0,06 mun’ (puc. 2). 
[_p://dbps-journa 






At a temperature of 680—700°C the kinetics rate of 
desulphurization reaches 
K=0,06 min’ (Fig. 2). 


the maximum value 
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Puc. 2. KunHeTwueckad KpuBad ecyIbMypv3allHH asIKOMOKaJIMeBbIX KBaCI[OB B MHEPTHOM aTMOcdepe 


Fig. 2. The kinetic curve of desulphurization of aluminum-potassium alum in an inert atmosphere 


Kak 
ecylbdypu3aluu HadWHaeT pe3KO YBeM4NBAaTbCA 
600°C, 
MaKCHMaJIbHOrO =3HayeHHaA pH 700°C. Jiasee 

ecylbdypu3aluu 
CBOWMTCH Ha yObiBaHve UU OuHad 


BHUIHO 3 ~~ Ypue. DZ, CKOPOCTb 


yxKe pH  Temilepatype yocTuraa 


CKOPOCTB aJIKOMOKaJINeBbIX 
KBaCIIOB 
ecyIbbypu3aluaA WOcTuraeTca pu TemMilepaType 
900°C. JlanbHeviiMi pa30rpeB CHCTeMBI IIpHBOJMT 
K He3Ha4HTeIbHOMy (0 6%) o0pa30BaHHtO 
asIKOMMHATA. 
Bprpoypr. Ha 


OCHOBaAHHN BbIMICOMMCAHHOLO 


MOXKHO CHClaTbB 3aKJIFOUCHHC® O TOM, UTO 


COOTBCTCTBYFONIHM T1OJJOOpoM KOMITOSHTHOTO 


COCTaBa OrHeTyWantnx IIOPOUIKOB, MO?KHO 


MOOUTbCA Pe3yIbTATOB MOJIYYCHHA YHUBEPCasIbHBIX 


CHUCTCM, TYUIMTb 


WOSBOJTAFOMIUX TlO7#KapbI 


Ppa3sJIMVGHBIX KJIACCOB. 
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As it 


desulphurization 


can be seen in figure 2, the 


rate begins to increase 


dramatically already at a temperature of 600°C, 
reaching a maximum value at 700°C. 

The rate of desulfurization of aluminum- 
potassium alum is decreasing, and the complete 
desulfurization is achieved at a temperature of 
900 C. Subsequent heating of the system leads 
to a slight (6%) formation of aluminate. 

Conclusions. Based on the above we can 
conclude that with the appropriate selection of 
the composition of the composite fire- 
extinguishing powders, you can achieve the 
results to obtain universal systems to extinguish 


fires of different classes. 
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'TloucKoii rocyapcTBeHHbIM TEXHHY4eCKHM YHUBepcuTeT, 
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UccneqoBaHo BIIMAHWe pa3sIM4HbIX WapaMeTpoB 
Ha IPMeKTHBHOCTb Tpolecca HOHHOrO OOMeHAa C 
Ie@IbIO TOBbINICHHA KaueCcTBa YMATYeCHHA UH 
oOeccouMBaHHA 


BOJIbI. IIpeaqctapjeHa 


3aBHCUMOCTbh ITIpowecca OT JIMTCJIBHOCTH HU 


pa3HBbIx moka3aTesen pacTBOpoOB TIpu 
BapbHpOBaHHH KOHICHTpalwu UU  Tpuporpl 
pacTBopeHHoro  sBemlecTBa. Ha  ocHoBaHnu 


TOJTYYCHHBIX PpesyIbTaTOB CICJIaHbI BbIBOJIbI O 
IIDHMCHYUMOCTH HOHHOTO oOMeHa AIA OUMNUWICHHWA 


BOJBI. 


Ks10"eBbIe CJIOBA: MOHHbIM oOMeH, 
HOHOOOMECHHBIe€ CMOJIbI, OOCCCONMBaHHe, CTOUHAA 


BOJIbI, JICKTPOMPOBOJHOCTh, 3(MeKTUBHOCTE. 


Bpegenne. Boa — WeHHeHIIMM TMpupouHEl 


pecypc. 
ooecneuHBaA 


Ona UrpaeT UCKIIFOUMTEIIBHYHO PpOJIb, 
OnomorMmyueckHe IOTpeOHOCTH 
OpraHH3MOB, yu4aCTByA BO BCe€X MeXaHW3Max HU 
2KM3HEHHBIX IMKIaxX Halen mWiaHeTb. BovHBIe 
pecypcbl AaKTHBHO UCIIOJIb3yHOTCA B pa3JIM4HbIx 
ccbepax 

OBITOBBIX, 


AHTpONOreHHOH eATeIbHOCTH IA 
TIPOMBILIIJICHHBIX u 
CCJIbCKOXO3AMCTBCHHBIX HyK. IlotpeOHocTu B 
BOe€ OFPOMHbI UW exKeroqHO yBemMunBarotca. Ha 
3€MHOM Illape oOmMe 3allachl BOJbI WOcTuratoT 1,5 
MIH KM. Oxos0 2% 93Toro oGbeMa cocTaBiAeT 
mpecHad BOa, a KOJIMYeCTBO JOCTYNHOM WA 


VCHOJIb30BaHHA BOJIbI He WpeBbiiuaeT 0,003%. 
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The article considers the influence of various 
parameters on the efficiency of ion exchange 
process to improve the quality of softening and 
desalination of water. It presents the dependence 
of the process on the duration and different 
characteristics of solutions by varying the 
concentration and nature of solute. On the basis 
of the results obtained the authors drawn a 
conclusion about the applicability of ion 


exchange for water purification. 


Keywords: Ion exchange, ion exchange resins, 
desalination, sewage, electrical conductivity, 
efficiency. 


Introduction. Water is a valuable natural 
resource. It plays a crucial role in ensuring the 
biological needs of organisms, participating in 
all mechanisms and life cycles on our planet. 
Water resources are widely used in various 
fields 


industrial and agricultural needs. The demand 


of human activities for domestic, 
for water is huge and it is growing. On the 
globe, the total water supply is up to 1.5 million 
km3. About 2% of this amount is fresh water, 
and the amount available for use does not 


exceed 0.003%. 
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HexBatTka NpecHou BOI BCe OOUbINe OLLyuaerTcs 
B 43 cTpaHax Mupa, COCTAaBJIAIOINMX OKOTIO 60% 
BceH MOBepxHocTH cy. IIpoOmempl c ZedulluTOM 
IIPeCHOH MHTbeEBOH BOJIbI UCIIbITbIBAIOT TaK?Ke B 
KppbIMy H FOXKHBIX pernouax Poccunu. 

B ycNOBUAX pacTyIero 3arpax3HEHHA BOI U 
BOXONOTpeOseHHA «BOJIHBIM 


ObICTporo pocta 


TOON» WmpwoOpetaerT Bce OObITYIO OCTDPOTY. 


CyllecTByeT MHeHWe O TOM, 4TO B_ UTOre 


lepey 
HeEOOXOJHMMOCTHIO AOOBINH TIpeCcHOH BOJIbI H3 BOL 


YeJIOBCUECTBO OKaKeTCA 
MHpOBOrO OKeaHa. OCHOBHbIMH KOMIIOHCHTAaMH B 
MOpcKOii Boge aBaFOTcH Na‘, Cl, K*, Mg™*, Ca’*, 
Sr’*, Br, F, H3BO3. Han6onee paquKanbHBIM 
CHOCOOOM JIMKBUaunu edunuTa WpecHou BOJbI 
ABJIACTCA OMpecHeHWe COJICHBIX MW COJOHOBATHIX 
Boy. Jlocruraetca 93TO pa3JIM4HbIMH ciHocoOaMH. 
OHM H3 TaKHX CIOCOOOB SABIIACTCA MOHHBIM 
OOMeH, KOTOPbIM OCHOBaH Ha yaIeHu 3 BOI 
HeoOpraHvuecKux BelleCTB, HMOHOB  TsDKeJIbIX 
MeTaJUIOB HW JIPyrux BelllecTB. CyNIHOCTb JaHHOTO 
MeTO]Ia 3aKIIEOUaeTCA B CIOCOOHOCTH CIIeMMasIbHbIX 
MaTepHaJIOB (HOHHTOB) W3MCHATb B 2KeJIaeMOM 


HallpaBsIceHHH MOHHbIM cocTaB OOpabdaTbIBaemMol 


BOJbI. OTa TeXHOJIOrMA TO3BOACT MOOMTBCA 
KauecTBa BOJIbI, COOTBeETCTBYHOINIerO HOPMaM 
pa3JIM4HbIX  TPOMBINVICHHbIX 3IHeEPreTH4yeCcKUX 
OOBECKTOB. 


Ilocranospka 3ayaun. [lesbo WaHHOu padorTsl 
ABILAIIOCh U3y4eHHe IPMeKTHBHOCTH YMATYeHHA U 
oOeCCOJIMBaHHA BOJ[bI HA MHOHOOOMCHHBIX CMOJIAaX B 
3aBMCHMOCTH =OT~ KOHIIeCHTpalluH =pacTBOpPOB, 
BpeMeHH Tpolecca WU MpHpOAbl pacTBOPeHHBbIx 
BeIIeCTB. 

Meroanka 3KciepuMeHrTa. 


JA 


oOeCcCOIMBaHHA BOJbI Ha HOHOOOMeHHBIX CMO Jax 


uccueqOBaHHA 39ddekTHBHOCTH 
Oblla poBeyeHa 9KCIIepHMeHTaIbHad paodorTa, 
COCTOAIIad M3 JBYX 4acTen: 

1 — onmpeyeneHve cTemeHu oOeccomMBaHHA 
BOJIbI Ha HOHOOOMECHHBIX CMOJIAaX B 3aBHCHMOCTH 
OT HauvalIbHOM KOHICHTpalluH paCTBOPeHHbIx 
BeICCTB, COOTHOCHMOM C 3JICEKTPOIPOBOJHOCTBIO 
pacTBopa JO HW Mocue HOHHOTO OOMeHa; 

2 — ompeyenenuve 2(deKTHBHOCTH WMOHHOrO 


OOMeHa B 3€BHCHMOCTH OT BpeCMeHH IIpouecca U 
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43 countries, which occupy about 60% of the 
land surface, experience the lack of fresh water 
more and more. The Crimea and southern 
regions of Russia also have shortages of fresh 
drinking water. 

In the face of growing water pollution and the 
rapid growth of water consumption "water 
hunger" has become increasingly prominent. 
There is a belief that eventually humanity will 
face the necessity to extract fresh water from the 
oceans. The major components of seawater are 
Na‘, Cl, K*, Mg**, Ca™*, Sr**, Br, F, H3BO3. 
The most radical way to eliminate the shortage 
of fresh 


brackish waters. This is achieved in various 


water is desalination of salt and 
ways. One such method is ion exchange, which 
is based on the removal of inorganic substances, 
ions of heavy metals and other substances from 
water. The essence of this method lies in the 
ability of special materials (ion exchangers) to 
change the ion composition of the treated water 
in a desired way. This technology allows 
achieving the quality of water corresponding to 


norms of various industrial energy facilities. 


Statement of the problem. The aim of this 
work is to study the efficiency of softening and 
desalination of water on ion-exchange resins 
the 
process time and nature of the dissolved 


depending on solution concentration, 
substances. 

Experimental procedure. 

To investigate the efficiency of water 
desalting on ion exchange resins the authors 
have carried out the experimental work, 
consisting of two parts: 

1 — determination of the degree of 
desalination of water on ion-exchange resins 
depending on the initial concentration of the 
dissolved substances, which correlated with the 
conductivity of the solution before and after ion 
exchange; 

2 — determination of the effectiveness of ion 


a 





IIPHPOJIbI PACTBOPCHHBIX BELIeCTB. 
IIpeqBaputTesbHO TpHrOTOBHIM pacTBOpbI 
NHy4Cl, NazSO4, NaCl, K2SO4 NazCO3 CaCO3. 
MgSO,  c konmentpauuamu 0,5%, 1,0%, 1,5%, 
2,0% u 
9JIEKTPONPOBOJJHOCTb 


YW3MepnvI HauvasIbHytO 
KaxkOrO W3 HX 0 
mpormecca oOeccoJIMBaHHA. Pe3yIbTaTBl 
IJIEKTPOMPOBOJJHOCTH PacTBOPOB JO IKCIIEPHMeHTa 


IIPHBeeHbI B TaOmuLe |. 


exchange depending on time and nature of the 
dissolved substances. 
The authors have pre-prepared solutions of 


NH,Cl, NaoSOa,a, NaCl, K>SO4, NavCOs, 
CaCO3, MgSO, with the concentrations 0,5%, 
1,0%, 1,5%, 2,0% and measured the initial 
conductivity of each of them before the 
desalination process. The results of the electrical 


conductivity of the solutions before the 
experiment are given in table 1. 

Taosuita | 

Table 1 


HauvasibHad IJICKTPOMpOBOJHOCTb BCeX MCCIICYeMBbIX PaCTBOPOB 
The initial conductivity of all the studied solutions 


KonentTpamna, % HauaJIbnHad IJICKTPONpOBOAHOCTb, MCM 
Concentration. % Initial conductivity, mS 
3 


N H,Cl N a.SOx, 


NaCl 


K,SO, Na,CO;3 CaCO; MgSO, 


998 | sa0 fran ear [ais [ae fa 
ror [ae fae 





sara as 
Sa 


JIna wonwyuyenua Haustyumlero pe3yilbTaTa 
aBTOpaMH ObWIM MpOBeJIeHbIl IKCHeCPHMeHTAaIbHbIe 
YuccueqOBaHHA, MO3BOJIMBILHe OlpeeIMTb 
ONTHMaJIbHbIe 3HAYCHHA UH COOTHOMICHHA MaccBl 
MOHHTOB UW pacTBOpoB, 4TO cocTaBHyIo — 30r 
wonuta uw  10r- wuccnemxyemoro  pactTBopa. 
OKCHeEPpHMeHT TIPOBOAMIIM C KaxKJIbIM BeIleCCTBOM 
mo 10, 15, 20 u 25 mMuHyT, u3Mepaad pu 9TOM 
QIIEKTPOIMPOBOHOCTb Tmocsre 


KaxKTOrO £OTIBITA. 


[losry4eHHble 3HaAYCHHA YU3MCHCHHA 
IICKTPOMPOBOTHOCTH, B 3aBHCUMOCTH OT BDCMCHH 


MOHHOrO OOMeHA, IIpHBeeHbI B TaOMLe 2. 
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To get the best result, the authors have carried 
out experimental researches, which made it 
possible to determine the optimal values and 
ratios of resins and solutions, which amounted 
to 30 g of the resin and 10g of the investigated 
solution. The experiment was carried out with 
each substance for 10, 15, 20 and 25 minutes, 
and the conductivity after each experiment was 
measured. The obtained values of changes of 
electrical conductivity, depending on the time of 


ion exchange are shown in table 2. 
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Taodmuna 2 
Table 2 
V3MeHeHHe 3HaYeHHH JJIEKTPOLMpOBOJHOCTH B 3ABHCHMOCTH OT BPCEMeCHH MOHHOTO OOMeHa 


The change of conductivity values depending on the time of ion exchange 





JNeKTponpoBosHocThb, MCM / Electrical conductivity, mS 


KonwentTpanna 
pacTBOpoB, % NH4Cl NaCl K2,SO, Na,COz CaCQ;3 MgSQ, 
Concentration 
ord a wa hd ln 

Bpema t=10 munyt / Time t=10 minutes 


aa 53 1,07 6,57 
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Jia mouy4aeHua MaKCHMasIbHO 9ddeKTHBHOrO 
pe3ylIbTaTa OT HOHHOTO OOMeHA, B COOTBETCTBHH C 
TaOmMiueH 2, paccMOTpeHbI Malla30Hbl BPeMecHu 
(ipH C=0,5%) mUpu 
3JIEKTPOMPOBOHOCTH MUHMMAalsIbHbI 
E(CaCO3)=0,18mCm, E(MgSO,)=0,12 mC. 


Ha OCHOBaHHH TOJTYYeCHHBIX JAHHBIX MOCTPOUIIM 


KOTOPBbIx 3HAYUCHHA 


3aBHUCUMOCThb ITICKTPOMPOBOTHOCTH OT 


KOHI[eCHTpalnu PacTBOpoB u BpeMeHu 


(puIbTpoBaHna (puc. | ui 2). 


To obtain the most effective result from ion 
exchange, in accordance with table 2, the 
authors have considered the ranges of time (at 
C=0,5%) at which the electrical conductivity 
values are minimal E(CaCO;)=0,18 mS, 
E(MgSO,)=0,12 mS. 

Based on these data, they have constructed the 
dependence of the electrical conductivity on the 
solution concentration and time of filtration 


(Fig. 1 and 2). 





Electrical conductivity 


HI 


INEKTPONPOBOAHOCTb, MCM 


Bpema, MUH/Time, minutes 





Puc. 1. 3aBHuCHMOCTh 3JIEKTPONpOBOAHOCTH pacTBopa CaCO; OT KOHITCHTpalluu UW BPeCMeHH (PMWIbTpallMU B 


MOHOOOMeHHBIX CMOJIax: C — KOHI[eHTpallua pacTBopa, % 


Fig. 1. The dependence of the electrical conductivity of the solution CaCO; on the concentration and time of 


filtration in ion exchange resins: C — concentration of the solution, % 





93JIEKTPONPOBOJHOCTb, MCM 
Electrical conductivity 


Bpema, MUH / Time, minutes 





Puc. 2. 3aBMCUMOCTb 3IeKTpolIpoBoAHOCTH MgSO, oT KOHI[eHTpaliMu UW BpeMeHH 


(DHJIbTpallMu B HOHOOOMeHHEIX CMOsIax: C — KOHI[CHTpallua pactBopa, % 


Fig. 2. The dependence of MgSO4 conductivity on the concentration and time of filtration in ion 








exchange resins: C — concentration of the solution, % 


Ha o60onx rpadukax BHAHO, 4TO pH 


KOHIICHTpalluH BelllecTBa B  pactBope 0,5% 


ICKTPOMpOBOAHOCTb MMHMMasibHa. OHako, 
OoIbIlee CHH2KeEHHe KOHILCHTpalluH OTMeC4CHO JIA 
BbICOKOKOHI[CHTPHUPOBaHHBbIX pacTBopos, a, 
CHeOBaTeJIbHO, HOHHbIM OOMeH WpoTeKaeT Oorree 
39MeKTHBHO. 

BUIMAHHA 


Jia onpeyeseHuA IIpHpobl 


pacTBopeHHoro BelllecTBa Ha 9(deKTHBHOCTb 


MOHHOTO OOMeHa C pa3JIMYHOM BaJIeHTHOCTbIO U 
TpaduKk 
moKa3aHHv 


pa3MepaMH MOJIeKyJI §WocTponMmM 


3aBMCHMOCTH W3MeHeHHA 
QIEKTPOMPOBOAHOCTH OT 
(puc. 3). 


KOHIeCHTpalua 


IIpUpoyb BelljecTBa 
J|a BCeX HVKeyKa3aHHbIX BEIIIeCCTB 
0.5%, a 


(bubTpalwu 25 MuHYyT. OnpeyeseHbl 3HauyeHHA 


COCTABJIAJIAa BpeCMiA 


3ICKTPOMPOBOAHOCTH pacTBOpOB yO HH Tocie 
9KCHepuMenuta (TabdsuIa 3). 


Both graphs show that at the concentration of 
the substance in 0,5% solution the electrical 
conductivity is minimal. However, a _ larger 
decrease in concentration was observed for 
highly 
consequently, ion exchange takes place more 


concentrated solutions, and, 
efficiently. 

To determine the effect of solute nature on the 
efficiency of ion exchange of different valence 
and size of the molecules the authors have built 
a graph of dependence of readings change of 
electrical conductivity on the nature of the 
substance (Fig. 3). For all of the following 
substances, the concentration was 0,5%, and the 
filtration time was 25 minutes. The values of 
electrical conductivity of the solutions before 
and after the experiment were determined 
(Table 3). 

Taodmuua 3 
Table 3 


VM3MeHeHHe 3Ha4eHHH ITCKTPOMPOBOTHOCTH B 3aBHCHMOCTH OT IIpWpObl paCTBOPCHHOroO BeCHICCTBa 


The change of conductivity values depending on the solute nature 


BemtecTBo 


Substance 


HayasbHoe 3HaueHue 
IIEKTPONPOBOJHOCTH, 
MCM 
The initial value of ie z 
the electrical 
conductivity, mS 
/7 


01 
DJIEKTPOMpOBOJHOCTB 
Tocue BBE CHHA 
KaTHOHUTAa U 
aHHOHUTa, MCM 
The conductivity after 0 0,53 
the introduction of 
cation exchange resin 
and anion exchange 
resin, mS 
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efel= 
. 


NaCl Na2CO3 CaCO3 


Na2SO4 K2SO4 MgSO4 _ NHA4CI 


BewwectsBa / Substance 





Puc. 3. 3aBHCUMOCTh IICEKTPONPOBOAHOCTH OOeCCOJIEHHOrO pacTBOpa OT IIPHpObI BelecTBAa 


Fig. 3. The dependence of the conductivity of a desalted solution on the nature of the substance 


Oyuako, HeOOxOJMMO Y4HTbIBaTb, TO 


HavaJIbHble 93JIEKTPOIMPOBOHOCTH pacTBOpOB JO 


lipouecca WOHHOrO oOOMeHa, Kak HU Tocse 
oOeccoMBaHHaA ObIIM pa3uIM4Hbl. C ebro 
BO3MOXKHOCTH  COMOCTaBJICHHA  TIPHBeeHHbIXx 


pe3ybTaTOB BBeIM KoopdunMeHT 9)deKkTHBHOCTU 
A, 
3HAYCHHA IIIEKTPOMPOBOJHOCTH K KOHC4UHOMY: 


= (1) 


KOTOPbIM paBeH OTHOIICHHIO HauyasIbHOrO 


A= 1-— 
Eo 


rye EK — 9JIeEKTpOMpOBOAHOCTh MOcsIe KATHOHUTAa U 
YOHMTA, Eg — HayasibHoe 3HaueHue 
9IEKTPOMpOBOHOCTH, MCM. 
cieqyromuu Buy 
3aBMCHMOCTH KOIMDuNMeHTa 39deKTHBHOCTUH OT 


Torga OyauM rpaduKka 


IIpHpo Tb! BelljecTBa (puc. 4). 


However, it is necessary to consider that the 
initial conductivity of the solutions before ion 
exchange and after desalination was different. 
To compare the results the authors have 
introduced the efficiency factor A, which is 


equal to the ratio of the initial value of the 


electrical conductivity to the final value: 
E 

A=1--, 

Eo 


(1) 


where E is the electrical conductivity after 
cation exchange resin and anion exchange resin, 
Eo — the initial value of conductivity, mS. 

We obtain the following graph of the 
dependence of the efficiency factor on the 
nature of the substance (Fig. 4). 
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Fig. 4. The dependence of the efficiency factor on the nature of the substance. 


Ha ocu Y oTMeyeHbI 3HaveHuaA KOOdduLMeHTA 
39PPeKTHBHOCTH, OlIpeyeueHHbIe 10 Popmysie (1), 


Ha och X — BOJIHbIC pacTBOpbl, codepxarue 
BellleCTBa C pa3IM4HOM BaJICHTHOCTbIO U 
pa3MepaMH MOJIeKyIJI. 

BbIBojbl. 

1. IIpu oOmeHe Ha _ CHJIbHOKHCIOTHOM 
CyIbOKaTHOHUTe OJHO3apATHBIX WU JBY3apAHbIX 
WYOHOB yCTaHOBJIeH CIELO paq 
CeJIEKTHBHOCTH: 


Na‘ < Ca** < K* < Mg™* < NH,* 

J\14 KATHOHOB, HMMCIOIUIMX OJMHAKOBBIN 3apAd, 

PAbI CeIEKTHBHOCTH MMEFOT CiIeYIOIMH BUT: 
H*<Na<K*<NH,z’, 
M gt <C q-t 

ITO TOKa3bIBaeT Ce YIOUMe YTBepxKeHHA: 

— JIBy3apaAHbIe MOHbI OOee CeJIEKTHBHbI, 4eM 
OJHO3apAHbIe MOHBI; 

— C YBeCJIM4CHHeEM pa3MepOB HOHOB, TO eCTb C 
YMeHbILNeHHeM 9Hepruu ruyparauun, 
W30UpaTeIbHOCTh CyJIb(OKAaTHOHUTa K KaTHOHaM 
BO3pacTaeT. 

VickiloueHHAMU B JA@HHOM WenOuKe ABJIAKOTCA 
K* u Mg , Koroppie cBa3aHbI C KMCJOTHBIM 


2 “ 
ocTaTKoM SO,” cCHJIbHOM KHCIOTHI. A CHJIbHBIeC 


JMCCOILMUpy!OT 
cylaOble U, KPOMe TOTLO, IIOJIHOCTBIO. 


SIEKTPOJIMTHI ObIcTpee, 4eM 
2. IIpu oOMeHe Ha BbICOKOOCHOBHOM aHHOHHTe, 
cojlepxKallleM UeTBePTHYHbIe AMMOHUEBHIC PpyNUbl, 
Id @HHOHOB YyCTaHOBJIeH ClJIeqyIOWMM pay 
CeJIEKTHBHOCTH: 
Cl <CH;COO < CO3;” < SO,” 

ITO JOKa3bIBaeT CIleAyroMMe YTBeEpxKJeHHA: 

— @HHOHbI KDPYyIIHbIX pa3MepoB B OOJIbIIeH 
CTeIleHH HapylllatoT CTPyKTypy BOJIbI, 4EM AHHOHBI 
MeHbIIero pa3Mepa. BairoqHee Ux Tepexoy B (a3y 
CMOJIbI, Te CTPyKTypa BOJIbI MeHee yuopsqOUeHA. 
Ilostomy mpu aAHHMOHBI 


OJMHaKOBOM 3apsiie 


MeHbIUerO pa3Mepa BBbITCCHAIOTCA 3 MOHUTA 
AaHHOHAMH OOIbINeroO pa3sMepa. 
— C yBeIMYeHHeM 3apsyia M pa3Mepa aHHOoHa 


(MaccbIl HM pajivyca MoOJIeKyJI) yBeNIM4MBaeTCA 


CCJICKTHUBHOCTb aAHHOHNMTA. 





The values of the efficiency factor defined by 
the formula (1) are marked on the Y-axis, on the 


X-axis — aqueous solutions containing 
substances with different valence and size of the 
molecules. 

Conclusions. 


1. During the exchange on a strongly acidic 
sulphocationite one-valent and divalent ions the 
following range of selectivity was established: 

Na* < Ca** < K* < Mg”* < NH,* 


For cation exchange resins with the same 

charge, ranges of selectivity are as follows: 
H*<Na<K*<NH,’, 
M gt <C q-t 

This proves the following statement: 

— divalent ions are more selective than one- 
valent ions; 

— with the increase in size of the ions, L.e. 
with the decrease of hydration energy, the 
Selectivity of sulphocationite to cations 
increases. 

Exceptions in the chain are K* and Mg” that 
are bonded with the acid residue SO,’ © strong 
acid. Strong electrolytes dissociate faster than 
the weak ones and, in addition, they do it 
completely. 

2. With the highly basic anion exchanger 
containing quaternary ammonium groups, the 
following range of selectivity is established for 
anion exchange resins: 


Cl <CH;COO < CO;” < SO,” 


This proves the following statement: 

— anion exchange resins of large size disrupt 
the structure of water more than anion exchange 
resins of smaller size. The passage to the phase 
of resin is more efficient, where the structure of 
water is less ordered. Therefore, for the same 
charge, the smaller anions are displaced from 
the ion exchanger with anions of larger size. 

— with the increasing charge and size of the 
anion (the mass and radius of the molecules) 
increases the selectivity of the anion exchanger. 
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3akiro4eHHe. OOpadoTKa BOJIbI C MOMOII[bIO 
MOHHOrO OOMeHAa MPHHILMNMaIbHO OTIMYaeTCA OT 
OOpadoTKH BOI JpPyrHMH MeTOaMM TeM, 4TO 
yHaslAeMble 43 Hee MpHMecu He OOpa3ylOT OCaKa, 
TpeOyrollero MOCTOAHHOTO yyaueHua. Kpome Toro, 
Takax oOOpadoTKa He TpeOyeT HellpeppIBHOrO 
O3UpoBaHuA peareHTos. Cie qOBaTesIbHO, 
OKCILIyaTallua YCTAaHOBOK, padoTarollux MO MeTOJLy 
MOHHOrO OOMeHA, 3HAYMTeEIbHO pole, radapuThl 
allmapaTOB MeHblle, a 3:~dekT OOpadoTKH BBIIIIe, 
4eM Y JPyrUx YCTaHOBOK. 

TakuM 00pa30M, OOJIbIIMHCTBO KOMIIOHCHTOB, 
COepxKalllUxcA B MOPCKOM BOC, MOXKHO YasIMTb C 
TOMOIWbIO HOHHOTO OOMeHA JZOCTATOUHO 
39deKTHBHO, He WpHOerad K OOUbIIMM 3aTpaTaM. 
To ecTb OKeaHCKHe WH MOPCKHe BOI MOLyT CTaTb 
I[CHHbIM MCTOUHHKOM BOJIHBIX peCypcoB JIA 
IIPOMBIMIICHHOrO MCHOUIb30BaHHA, TaK KaK UX 


OIF POMHBIe 3allaCbl WpaKTWYeCCKH HCUCUCpHaeMB!l. 


buO1Horpaduyeckuh CIHMCOK. 


M.A. Meroust 
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Water 
exchange is fundamentally different from other 


Conclusion. treatment using ion 


water treatment techniques in the fact that the 
removed from it impurities do not form sludge 
that requires constant removal. In addition, this 
treatment does not require continuous reagent 


dosing. Consequently, the operation of 


installations operating by the method of ion 
exchange is much easier, the size of the 
apparatus is smaller, and the effect of treatment 
is higher than in other plants. 

Thus, most of the components of seawater can 
be removed using ion exchange effectively, 
without high costs. That is ocean water and 
seawater can be valuable sources of water for 
industrial use, as their huge reserves are 
practically inexhaustible. 
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BsmmosIHeHO IIpOrHo3supoBaHue BePOATHBIX 


CHCHaApHCB BOSHUKHOBCHUA aBapHUHbIX pa3JIHMBOB 


He@TelpOyKTOB TIpu OCYIIeCTBIICHHH 
Tleperpy30uHOH JIeATesIbBHOCTH Ha aKBAaTOPUH. 
PaccMOTpeHbI OCHOBHbIC IIPW4YHHbI BO3MO%KHBIX 


apap, K KOTOPBIM OTHOCATCA pa3JIM4HbIe BHIbI 
MOBPexKTCHHA Y3JIOBbIX KOMMOHECHTOB IlepeJIMBHOTO 
oOopyHoBaHHA pH TpoBeyeHuu Torpy304Ho- 
pa3srpy304UHBIX oOnepallM¥w Mex]y cyyaMu. 
BbITOJIHCHBI pacueTbI OOBEMOB HW MACC ABAPHHMHBIX 
pa3IMBOB JIM3eJIbHOrO TOIIJIMBa, BaKYyYMHOTO 
ra30HJId WH Ma3yTa B 3aBHCHMOCTH OT yCIIOBHU 
BO3HUKHOBeCHHA aBapui. OTMeyeHa MpakTMyecKad 
padorTHI, oOslacTu 


S3HAYUMMOCThL YKa3aHbl 


IIDMMCHCHHA TOJTYAICHHBIX PesyJIbBTAaTOB. 


Kuo04ueBble CJI0OBa: He@TelpOyKTbI, aBapHitHblit 


pa3JIMB, IIPOrHO3HpoBaHHe, KOJIM4eCTBeEHHAA 


oleHKa 


BBejenne. CoBppeMeHHbIM MUp  TpyAHO 


IIpeqCTaBHTb 6e3 Macell HW TOLJIMBA, ObITOBOM 


XHMMMUW, MeJMIMHCKUX IIpelapaToB, OK bI U 
OOYBH, COBPeCMeCHHBIX JOPOXKHHIX MOKPbITHM. ITU U 
mpyrwve Oyara WMBMIM3aIMH B 3HadHMTeIbHOM 
CTeIMeCHU ABJIAIOTCA pe3yJIbTaTOM IIpeoOpa30BaHHA 
HedtempoyyKtTos [1, 2]. HedrempoaxykTbs1 — 9To 
CMeCH YIIeCBOJOPONOB, a TaKxKe HMHIMBULYyasIbHBIe 


XUMUYCCKHS COCTMHCHUA, TOJTYAACMBIC U3 He@Tu Gt 
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ACTIVITIES ON THE WATER 


V. V. Ozeryanskaya, R. R. Lazurenko, 
A. R Danilova., E. V. Lakush 


Don State Technical University, Rostov-on-Don, Russian 
Federation 


bommvoz@ mail.ru 
lirtokas @ mail.ru 


ms.anastasiyal994 @mail.ru 
Elizaveta-sergeevna94 @ mail.ru 

The article presents the performed forecast of 
probable scenarios of accidental oil spills in 
transshipment activities on the water. It 
considers the main causes of possible accidents, 
which include various types of damage to nodal 
components of transshipment equipment during 
loading-unloading operations between ships. 
The authors have carried out the calculations of 
volumes and masses of accidental spills of 
diesel fuel, gasoil and fuel oil depending on the 
The 


practical significance of the work, along with 


conditions of occurrence of accidents. 


the scopes of the results obtained is discussed. 


Keywords: petroleum products, accidental 
spill, forecasting, quantitative assessment 


The world 1S 


inconceivable without oil and fuel, household 


Introduction. modern 


chemicals, medicines, clothes and _ shoes, 
modern road surfaces. These and other benefits 
of civilization are largely the result of 
petroleum products processing [1, 2]. Petroleum 
is a mixture of hydrocarbons, as well as 


individual chemical compounds derived from 
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He@TAHbIX ra30B. K He@TelposyKTaM OTHOCATCA 


pa3uM4Hble BUbI TOMMBa (OeCH3HH, KepOcHH, 


JIM3eCJIbHOe TOMJIMBO, Ma3yT, BAKYYMHBIM Ta30MJib 
mp.), 
SIIEKTPOH30JIAIMOHHBIe CpeyIbl, pAaCTBOPUTeIM U Tp. 
[1]. 


OueBuH HO, 4TO WOOHIMAa HedbTu UIpaeT BaxKHYIO 


CMa304UHBbIeC MatTepWaJIbI, 


poub B MMpOBOM pa3BuTHH. OgHako He@Tb U 
IIPOJLYKTbI e€ TepepaOoTKH B Ciry4ae MOCTYMIeHuA 
B OKpyKalollly!O Cpeyty CTAHOBATCA OMAaCHbIMH JIA 
yYeIOBeKa, PaCTHTeJIbHOrO HW X2XUBOTHOrO Mupa [3, 
4]. 

ABapHiiHble pa3JIMBbI HePTU MU He@TeMpOYKTOB, 
BOSHHKarolle oObeKTAaX 


We@pvOTW4eCCKH Ha 


He@TeqoOObI4H HU HeTenepepaooTKH, a TakxKe pu 
HeMTelpOJLyKTOB, 
ABIIAIOTCA TIPM4YMHAMM Cepbe3HbIX IKOJOFMYeCKUX 


TpaHCIOpTHupoBKe yacTo 
KaTacTpod), KOTOpbIec HAaHOCAT 3HAY4HTeCJIbHbIM Bper 


IIDMpOJHbIM IKOCHCTCMaM, IIDHMBOAAT K 


HeraTHBHbIM %9KOHOMHMYeCCKUM UH COI[MaIbHbIM 
TOcueCTBUAM [1, 4]. 

B HacToallee BpeMA, B CBA3H C H3MCHHMBILNCHCA 
3a MOcHeqHve TOAbI MOJMTMYeECKON cuTyalMen, 
MopcKHe IOpTbl YepHOMOPCKOrTO ToOOeperxkba 
Poccuw MOyaMIM HOBbIM MOIIHbIM TOU4YOK K 
MHTCHCHBHOMY pa3BHTHIO, KOTOPOe IIPOABHJIOC, B 
TOM 4HCJe, B pe3KOM pocTe rpy30000poTa HedTu U 
HeMTelpOJYKTOB. ITO, B CBOKO OYepe sb, IPUBeJIO K 
YBeJIM4eHUFO 


YdaCTOTBI Gt BCpOATHOCTH 


BO3HHKHOBeCHHA ype3BbI4anHbix CUT yallun, 
CBA3AHHbIX C aBaPHMHbIMH IIpOMBaMu Heq@Tu u 
He@TeHpOAYKTOB Ha BOJIHYIO TOBeEPpXHOCTb HU 
HeraTHBHbIM BO3JICEHCTBHe€M TaKHX pa3JIMBOB Ha 
okpyxKaromltyio cpeny [l, 3, 5]. 
Q9KONOrMYeCcKHe TOCIeXICTBHA pu %XTOM HOCAT 
TpyHO 

He@TaAHOe 


Bo3MO2KHBIe 


YUUMTbIBACMBIN = XapakKTep, 


HapyllaetT 
e€CTECTBCHHBIe IIpOMeccbl WH B3aMMOCBA3H B BOJHOM 


TIOCKOJIBKy 


3alpAsSHCHHe MHOrHe 


cpeye [3, 6]. Juma opraHu3amuu sddeKkTuBHOU u 


ObICTpOH JIMKBUAalMH MOpcKHx  HedTAHBIX 


pa3MBOB HU 3alllMTbl OT HUX MpHOpexkHbIXx 


TeppuTopun 4ype3BbI4anHo BaxKHO 
3a0JIarOBpeMeHHO = IIPOrHO3HPpOBaTb BePOATHOCTh 


BOSHHKHOBCHHA aBapHMHbIX CHTyallMW B MecTax 


OCYII|eCTBJICHHA MHTCHCHBHOU leperpy3Ku 
He@TelpOLyKTOB, a TakoKe BbIIOJIHATb 
9://bps-journa 





petroleum and petroleum gases. Oil products 
types of fuel 


kerosene, diesel fuel, fuel oil, vacuum gas oil, 


include various (gasoline, 


etc.), lubricants, electrical environments, 
solvents etc. [1]. 

It is obvious that oil production plays an 
important role in the world development. 
However, oil and products of its processing if 
enter the environment are dangerous to human, 
plant and animal life [3, 4]. Accidental spills of 
oil and oil products that could occur at oil 
production facilities and refineries, and in 
transportation of oil products, are often the 
environmental disasters, 


causes of serious 


which cause significant harm to natural 
ecosystems, lead to negative economic and 
social consequences [1, 4]. 

Currently, due to the changed in recent years 
political situation, the seaports of the Black sea 
coast of Russia have received a powerful new 
which 


appeared, in particular, in the sharp increase of 


impetus to intensive development, 
turnover of oil and oil products. This, in turn, 
has led to an increase in the frequency and 
probability of occurrence of emergencies 
connected with accidental spills of oil and oil 
products on water surface and the negative 
impact of such spills on the environment [1, 3, 
5]. Potential environmental impacts in this case 
are difficult to estimate as oil pollution violates 
many of the natural processes and 
interrelationships in the aquatic environment [3, 
6]. For effective and rapid elimination of 
marine oil spills and protection of the coastal 
areas it 1s extremely important to predict in 
advance the probability of occurrence of 
emergency situations in places of intensive 
transshipment of oil products, and to perform a 


quantitative assessment of potential negative 
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KOJIM4CCTBCHHYIO OICHKY MAaClIlITaOOB BO3MO%KHBIX 
HeraTHBHBIX BO3JICHCTBHH. 


I[porHo3upyeMble aBapHiiHbie cuTyalHn. 
OnHuMH 43 =HaMOoree => pac IpocTpaHEHHBIX 
HeTempOyKTOB, lleperpy3ka KOTOPbIX 


IIPOW3BOAMTCA B MeCTAX PaCIOJIOXKCHUA PeHOBbIX 
Tleperpy304HbIX PaHOHOB Ha aKBATOPUAX MOPCKHX 


HOpTOoB YepHoOMOopcKoro odepexbaA Poccuu, 


ABJIAIOTCA Pa3IMUHble BUI TOMIMBA, B TOM 4HCIIe 
BaKYYMHBIN Ta30HJIb, Ma3yT, TH3eIbHOe TOLJIMBO. 
Ileperpy3ka TOIJIMBA 


Ha aKBaTOPHAX 


IIPOM3BOJHTCA, KaK WpaBuJlI0, 10 BapuaHTy «OOpT 


Oop™ 4epe3 CYJIHO-HaKOIIMTeJIb C 
MCIOJIb30BaHHeM CYJOB-HPHBO3YHKOB HU CYJIOB- 
OTBO34HKOB, 


KOTOPbIMH CLyKaT 


cya 
(He@TAHbIe TaHKepbl) C JBOMHbIM KOpMycoM Uu 


cliellMasIM3MpOBaHHble = HedTeHasIMBHble 
Tpy30BbIMH TaHKaMH pa3sIMYHOM BMeCTHMOCTH, 
pacHiOJIOXKeHHbIMH WapaseIbHO 110 OOOMM OopTaM 
cyqHa [7, 8]. Ileperpy3ka HedTempoyKTOB c cyqHa 
Ha CYyHO OCYIIe€CTBIIACTCA B ABTOMaTHUCCKOM 
P@xKUMe 3aKPbITbIM CHOCOOOM Cc HCIIOJb30BaHHeM 
HacocHOro 


oOopyOBaHHA, TPpy30BbIx 


TpyOOMpoOBO0B, THOKHX IJIAHTOB, 
OOopyOBaHHBIX (aHWaMu, 3arryuiKaMyu UT. 11. [7, 
TeXHOJIOPMH 


8]. IIpumensempre leperpy3Ku 


MO3BOIAIOT WpeMouaratb, YTO BO3SHHKHOBeHHe 
pa3uIMBOB He@TelpOAyKTOB Ha aKBaTOPHH MO%*KeT 
IIpOHW30HTH BCIIEACTBMe yTeukKH HedTerpy3a B 
aBapUMHBbIXx 


pe3ybTaTe HV KelMepeuuCcJIeHHbIx 


CHTyauMi, OOYCJIOBJICHHBIX, B TOM 4UCIIe, 
pa3IM4HbIMH BUaMM MOBpexJeHHA WepesIMBHOTO 
oOopyOBaHuaA: 

1) Manloe NOBpexeHHe Neperpy304HOro WWIaHra; 

2) wWepesmB (MepenouHeHve) py30Boro TaHka 
CyHa Ip NOrpy3ke; 

3) 4aCTHYHBIM pa3spbiB Weperpy304HOro MWIaHra; 

4) NOJHBIM pa3pbIB Teperpy304HOro IwaHTa; 

5) noBpexaeHve Oopta WIM Hua Mpy30Boro 
TaHKa CyJIHa; 

6) oBpexyqeHue JBYX CMeC%KHBIX Ipy30BbIX 
TaHKOB B_  pe3ylIbTaTe epeloMa cyjHa (Tak 
Ha3bIBACMbIM HOPMAaTHBHbIM pa3iuB c 50% 
ONOpO2KHeEHHeM TaHKOB [9]). 

KommuecTBeHHad OleHKa OObEMOB HU Macc 


HeTelpOJYKTOB, KOTOPble MOryT HOCTYHUTb B 
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impacts. 


Predictable emergencies. Among the most 
common petroleum products, transshipment of 
which is produced in_ the  roadstead 
transshipment areas of seaports of the Black sea 
coast of Russia there are different types of fuel, 
including vacuum gas oil, fuel oil, diesel fuel. 
Transshipment on the water is made, as a rule 
"Board to Board" through the ship drive with 
the use of ships that come and go, which are 
special tankers (oil tankers) with double hull 
and cargo tanks of different sizes, arranged in 
parallel on the both sides of the vessel [7, 8]. 
Transshipment of petroleum products from 
vessel to vessel is carried out automatically by a 
closed method using pumping equipment, cargo 
pipes, and flexible hoses equipped with flanges, 
plugs, etc. [7, 8]. The applied technology 
suggests that the occurrence of oil spills in the 
waters can occur due to leakage of oil cargo as 
a result of the following emergency situations, 
including different types of damage to the 
equipment: 

1) small damage to a handling hose; 

2) overflow of the cargo tank of the vessel 
during loading; 

3) partial tear of a handling hose; 

4) complete tear of a handling hose; 

5) damage to the board or the bottom of a 
cargo tank of a vessel; 

6) damage to the two adjacent cargo tanks as 
a result of the fracture of the vessel (so-called 
regulatory spill with 50% emptying of the tanks 
[9]}). 

Quantitative assessment of the volume and 


mass of oil that can enter the waters as a result 
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aKBAaTOPUFO BCJICHCTBUC pecasjIv3aluu 
IIDOPTHOSUPYCMBbIx CHCHapHeB aB apUMHbIX 
CUT yallMn, BbUIOJHATACh B COOTBCTCTBYUU C 


pekomeHyauuamu [9-13]. 
YTeuwka Hed@rerpy3a B pe3yJIbTaTe MaJIOro 


NOBpekKieHHA Teperpy304uHoro wwianra. B 
ciyyae oOpa30BaHHA Malloro ToOBpexseHuA 
leperpy30uHoro WivlaHra (CKBO3HOM CBHI, 


TpellMHa, HeMJIOTHOCTb (uaHIeBoro COeMHeCHHs) 


He@TelipowykTa 
OTBepCcTHe COCTAaBHT: 


pacxoy yepe3 aBapHiiHoe 


py 


-d 
O=n-— [2-9-H, (1) 


rye d3, — SKBUBaJIeCHTHbIM JMaMeTp aBapHHHoro 
oTBepcTus; d,, = 25 MM — OJMH U3 OCHOBHBIX 
pa3MepoB, TIPHMHUMaeMbIX IIpu NMporhHo3supoBaHuu 
fi, 
onpeyesIAeMbIN 


aBapuli @€MKOCTHOrO oOopyOBaHHA; 


KooPuWMeHT ucTeyeHHA, 
BA3KOCTbIO TepeKaYMBaeCMOH  KUIKOCTH, TIpu4yemM 
JIA IIPMHATOTO pasMepa ABAPUMHOTLO OTBEPCTHA A>x, 
BUJIOB 2KUJIKOCTeH (1H3eJIbHOe TOIJIMBO, 
BaKYYMHBIii ra30WJIb, Ma3yT) HU pexKUMOB UCTe4eHHA 
(kpuTepun Re) BesmuuHa Ww coctaBisaeT 0,73-0,78; 
g = 9,81 m/c” — ycxopenue caobogHoro nagzeHua: 
H — uxanop, oOyciOBIeHHBIM aBieHuem P B 
aBapHHHOM Ce4eHHu, M; (akTHYecKHe 3HayeHHA P 
JIA THMOBOLO HaCcOCHOrO OOOpyAOBaHHA HE*TAHBIX 
TaHKepOB COCTAaBIIAFOT 2—3 Kr/cM’, CIE MOBATeEJIBHO 
H = 20-30 M. 
OObEM pa3sIMBa: 

V =60-Q-t, (2) 
t —  BpeMA OCTaHOBKH [lepeKauKH; B 
COOTBeETCTBUH C [13] pacuéTHOe BPeMA OTKIIEOUCHUA 


rae 


TPpYOOMpOBOAOB IIPH OTCYTCTBHU pe3epBUpoBaHHuA 
QJIEMeHTOB ylipaBlIeHua cocTaBlaaeT 120 c, npu 
PYIHOM ypaBJICHH OTKIFOUCHHA TPyYOOMpOBOJOB 
— 300 c. B HacTostem pacyéte mpuHato t = 120 c. 
TakuM oO0pa30M, MaKCHMAaJIbHbIM OObBEM 

pa3iuBa HeQTelposyKTOB B pe3ybTaTe MaJIOoroO 
MOBpexK CHUA lleperpy304HOro m1aHra, 
paccuuTaHHbIi 10 PopmMysiam (1)-(2), cocTaBiaet V 
=1,1m. 

IInoTHoctTs HedtenpozyKtTos mpu 15 °C papa: 
ma3yT (Mapka M-100) — 994,2 xr/M”; qu3ebHOE 
TommmBo (10 TOCT 305-82) — 831,1 Kr/m’; 


BaKYYMHBIii ra30MJIb (MapKu A u b) — 920,6 Kr/M 
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of the predicted emergency scenario was carried 
out in accordance with the recommendations [9- 
13]. 

Leakage of oil cargo in the result of a small 
damage to the handling hose. In case of small 
damage to the handling hose (through a hole, 
crack, loose flange connection) flow rate of oil 


through the escape hole will be: 


2 


Q=w Oe gH, (1) 

where d3k — the diameter equivalent to the 
accident hole; d3k = 25 mm — one of the main 
dimensions adopted in the prediction of tanks 
accidents; 4. — the coefficient of discharge, 
determined by the viscosity of the fluid, and for 
the accepted size of the accident hole dok, kinds 
of liquids (diesel fuel, vacuum gasoil, fuel oil) 
and flow rates (criterion Re), the value of wu is 
0,73-0,78; g = 9,81 m/s2 free fall 


acceleration; H is the head flow determined by 


the pressure P in the emergency section, m; the 
actual values of R for standard pumping 
equipment of oil tankers are 2-3 kg/cm2, and 
therefore, H = 20-30 m 
The volume of the spill: 


V =60-0-t, (2) 


the stopping time of the 


transshipment; in accordance with [13] the 


where f¢ 1S 


estimated time to shutdown pipelines with no 
redundancy of controls is 120 s, for manual 
300s. In this 


calculation it is accepted that t = 120 s. 


control the shutdown 


Thus, the maximum volume of oil spill in the 
result of a small damage to a handling hose, 
calculated according to the formulas (1)—(2) is 
V=1,1 m. 

The density of oil at 15 ° C 1s for fuel oil (M- 
100) — 994,2 kg/m”; diesel fuel (GOST 305- 
82) — 831,1 kg/m’: vacuum gas oil (grade A 
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[14]. CreqoBaTembHo, Macca pa3IMBIIMXca 
He@TelpOYKTOB Ip paccuuTaHHOM OObEMe 

1,1 m° cocrapmser: mMa3yT — 1,09 T; qu3erbHOe 
TomIMBO — 0,91 T; BaKyYyMHBIH ra30nb — 1,01 T. 


YTeuwka Hedrerpy3a B pe3yJIbTaTe NepeHBa 
(lepenoJIHeHHA) Ipy30Boro TaHKa cyiHa pH 
norpy3ke. IIipH  BbIMOJHeEHHH NOrpy304HO- 
pa3srpy304UHBbIxX Olepaluu cyllecTByeT OMacHOCTb 
BOSHHKHOBeCHUA 


llepesimBa (IlepelloJIHeHusA) 


Tpy30BbIX TaHKOB B_ pe3yJIbTaTe OLIMOOUHBIX 
eHcTBuu (Oe3eHcTBUA) MepcoHasa W/MIM OTKa3a 
TeXHH4eCKHX 


CpeJCTB. OrpeyemeHue 


KOJIM4eCCTBCHHBIX apaMeTPpOB pa3JIMBa- B 
pe3yibTaTe NOJOOHOM aBapuHu OCHOBAHO Ha OI[eHKe 
CBEPXHOPMAaTHBHOrO BPeMeHH TMOMpy3KH TaHka, 
korga Wocne 3an0uHeHua ero WomHOrO (100%) 
oOBEeMa, NPOMCXOANT NOcTylIeHve HedtTerpy3a Ha 
llayOy 3arpyKaeMoro cyqHa UH, B laJIbHelIeM, B 
aKBaTOPHI0. 

BenmunHa moqauu Tpy30BbIX HacocoB cyHa, 
OCYINeCTBIAIOWerO HOrMpy3ky, B 3aBeplilarollen 
yacTH Morpy3ku coctaBiaet QO = 600 m’/4 (0,167 
m/c) [8], a CBepXHOPMaTHBHOe BPeMA TOIpy3KU JO 
eé ocraHoBKu — ft = 300 c [13]. [pu 9Tom Ha 
namyOy 3arpykaemoro cyyHa MoctynuT qo 50 Mm” 
HeMTelpOYKTOB, MOJIOBHHa KOTOPbIX MOKeT OBITb 
yuepskaHa KOHCTpyKiMei MastyObl, a MOUOBMHA, T. 
e. okon0 25 Mm’, nonayér 3a OopT B aKBaToputo [7]. 
C yyéToM TIOTHOCTH HedTenpozyKTos [14], ux 
Macca IIpH aHHOM OOBEMe COCTAaBHT: JM3eJIbHOe 
TOMNIMBO — 20,8 T; BaKYyMHbIM ra30vIb — 23 T; 


Ma3yT — 24,8 T. 


Yreuka Heq@Terpy3a B pe3yJIbTaTe 4acTHYHOTO 
pa3pbipa Meperpy304uHoro wiiaHra. B 9TOM 
ciyyae OOBEM [porHo3supyemMoro 
(bopmMysie (2) lIpu 


MaKCHMAaJIBHOUW Moyaye rpy30Boro Hacoca QO = 3500 


pa3JmmBa, 
onpeesIeHHbIN 110 


m’/¢ [8], cocrasut V = 292 um. IIpu sTrom yureHo 


JONOJHUTEIbHOK HelliTaTHOoU 


Hapaly Cc 
WaHra  IpoOw3oriles 


BOSHHUKHOBCHHE 


CHTyalluin, KOT ya Ppa3spbIBOM 


lleperpy304HOro OTKa3 


almlapaTypbl OTKIHOUCHHA TpyOompoBoya U 
moTpeOoBayica Wepexoyq Ha pyyHoe yipaBseHne, 
TOITOMY BPCMA OCTaHOBKH epeKaykKH (f B 


(bopMyye (2)) IpHHaTO paBHbIM 300 c [13]. Becb 
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and B) — 920,6 kg/m [14]. Consequently, the 

mass of the spilled oil with a calculated volume 
of 1,1 m° is for oil — 1,09 t; diesel fuel — 0,91 
t; vacuum gas oil — 1,01 t 

Leakage of oil cargo in the result of 
overflow of the cargo tank of the vessel 
during transshipment. In loading and 
unloading operations, there is a risk of overflow 
of the cargo tanks in the result of erroneous 
actions (omissions) of staff and/or failure of 
technical equipment. Determination of 
quantitative parameters of the spill as a result of 
this accident is based on the estimate of the 
excess time of tank loading, when after filling it 
to full volume (100%), there is a flow of oil 
cargo on the deck of the vessel and, further, into 
the waters. 

The rate of the cargo pumps of the vessel is 
responsible for loading, in the final part of the 
loading it is Q = 600 m°/h (0,167 m’/s) [8], and 
excessive loading time to stop is t = 300 [13]. 
At this up to 50 m° of petroleum products will 
go to deck of the vessel, half of which may be 
retained by the construction of the deck, and the 
other half, 1.e., about 25 m’, will fall overboard 
into the waters [7]. Taking into account the 
density of petroleum products [14], its mass for 
a given volume will be for diesel fuel — 20,8 t; 
vacuum gas oil is 23 tons; fuel oil — 24,8 t 

Leakage of oil cargo in the result of partial 
tear of a handling hose. In this case, the 
projected spill volume calculated by the 
formula (2) with a maximum flow of the pump 
Q = 3500 m*/h [8], will be V = 292 m°. This 
include additional non-standard situation, when 
along with a gap in a handling hose, the 
pipeline shutdown equipment failed and there 
was the need to switch to manual control, so the 
stop time of pumping (¢ in the formula (2)) was 


equal to 300 [13]. The entire loss of oil cargo in 


= = ao > eal ao of ae ane 
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OOBEM yTeyKH HedTerpy3a pw MoOOOHOM 
aBapHHHOM  cCIlecHapHw MO%XKeT MOCTYNHTb B 
MOpcKy¥O cpewqy. C yyéTOoM  MOTHOCTH 


pa3iMuBmMuxca HedpTemporzyKTos [14], ux Macca npu 


paccuHTaHHOM OObeéMe COCTaBHT:  JH3eJIbHOe 
TOMNIMBO — 242,7 T; BAKYYMHBIM ra3o0vsIb — 268,8 


T; Ma3yT — 290 T. 


YTeuka He@tTerpy3a B pe3yJIbTaTe M0JIHOTO 
pa3pbiBpa 
Pa3repMeTH3alIMA Tpy30BOro IaHra C pa3pbIBOM 


leperpy304HOro Wana. 
Ha MoIHOe CeYyeHHe BO3MO2%KHa pu HecoOmroAeHHuu 
lipeqmucaHui cepTu@ukaToB, WpaBMl WU ycIOBUi 
CYINeCTBYIOIIHX 

BHeIIHUX 


9KclilyaTauuu, HapyilleHuax 


orpaHu4eHuh, HepacueTHBIXx 
BO3JICHCTBUAX HT. YT. B WaHHOM CJly4ae BeCb OOBEM 
pa3uMBUMxca HedTempoqyKTOB C _ BBbICOKOM 
CTCNCHbIO BEPOATHOCTH TOCTYNUT B aKBaTOPHKO. 
IIporHo3upoBaHve OObEMOB BO3MO2%KHBIX Pa3JIMBOB 
He@tTerpy3a CBOWMTCH K OMmpeyesyIeHHIO BpeMeHu 
aBapMHHOrO MCTCYCHHA MPOWyKTa B OKPy2Katrolllyto 
cpey pW pacue€THOM pacxoye B_ Illanre 


JA 


MaKCUMaJIBHOTO BDCMCHW HeCpeCKpbITHA WOTOKa f= 


(CKOpocTu NOrpy3KH/BbIrpy3KH). 


300 c [13], c yaérom dopmyspr (2) u WHOTHOCTH 
[14], 
IIPOFHO3HPYeMBIX pa3JIMBOB COCTABIIAIOT: 


HeMTelpOYKTOB OObEMbI HU  Maccsl 

1) V = 100 mw’ — upm norpy3Ke cygua u 
pacxone QO = 1200 m’/u (0,333 m/c) mpu pabote 
II€CTH HaCOCOB C MaKCHMaJIbHOM ToOnaven 10 200 
m/a [8]. Maccpr pa3HBIUMXxcA HeTeMpOAyKTOB: 
JM3ebHOe TONIMBO — 83,1 T; BAKYyYMHbIM ra30MJIb 
— 92,1 T; ma3yT — 99,4 T; 

2) V = 583 m — mpu BpIrpy3Ke cyqHa u 
pacxoge QO = 7000 m/a (1,94 m/c) up padote 
JIBYX HACOCOB C MaKCHMasIbHON Togayen 7000 we/4 
[8]. 


AWU3SCJIbBHOC TOINIMBO 


Maccsi HeEMTeMPOYKTOB: 
484.5 7; 


ra30nvsib — 536,7 T; Ma3yT — 579,6 T. 


pa3sIMBIUMXcA 


BaKYYMHBIM 
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such emergency scenarios may come into the 
marine environment. Taking into account the 
density of the spilled oil [14], its weight by the 
calculated volume will be for diesel fuel 242,7 
t; vacuum gas oil — 268,8 t; fuel oil — 290 t, 


etc. 


Leakage of oil cargo in the result of the 
complete tear of a handling hose. 
Depressurization of the handling hose with the 
rupture on the total cross section is possible if 
the 
requirements of the certificates, terms and 


there are failures to comply with 


conditions of use, violations of existing 
restrictions, unplanned external influences, etc. 
In this case, the entire volume of the spilled oil 
with a high degree of probability will go into 
the waters. Prediction of the volume of potential 
spills of oil cargo comes down to determination 
of time of an emergency leakage of the product 
into the environment having the estimated flow 
rate in pipe (speed of loading/unloading). For 
the maximum shutdown time of flow t = 300 
[13], taking into account formulas (2) and oil 
density [14], the volume and mass of the 
projected spills are: 

1) V= 100 mw during loading of the vessel 
and Q = 1200 mh (0,333 m°/s) when six 
pumps with max flow of 200 m°/h are in 
operation [8]. The mass of the spilled oil will be 
for diesel fuel - 83,1 t; vacuum gas oil — 92,1 t; 
fuel oil — 99, 4 t; 

2) V = 583 m3 during unloading of the vessel 
and Q = 7000 mvVh (1,94 m°/s) when two 
pumps with a maximum flow of 7000 m°/h are 
in operation [8]. The mass of the spilled 
petroleum products will be for diesel fuel 484,5 
t; vacuum gas oil — 536,7 t; fuel oil — to 579,6 
t. 
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YTeuka He@tTerpy3a B pe3yJIbTaTe 
noppexieHHx Oopta H/MIM AHMINAa cy_{Ha. 
Pa3smuB = =69He@TH HU - HedrelposxyKTOB mp 


TOBpexKeHHU OopTa H/MIM WHUMIIa CyHa MOXKeT 


IIpoOu30uTH, HalipuMmep, B pe3yIbTaTe 
CTOJIKHOBe€HHA, IPH yoape CTOPpOHHero cyyqHa WIM 
mocaqkKw Ha MeJlb. QOmMMuUpH4ecKOe 3HayeHHe 
oOmero pa3IMBa TpH WOBpexyeHun Oopta u/uM 
Huma TaHkepa onpeyessetca cormacHo [12]. 
Benmunna oOmtero pacueTHOro pa3IMBa 
IIpeycTaBdeT COOOM HeNOJIHYIO CYMMy OOBEMOB 
Ppa3JIMBOB IIpH BEpOATHOM NlOBpexkTeHHU Oopta (Q,;) 
MW Hula (Q,) cyqHa, M”: 

O,6u = 9,4: Q. +.0,6-Q,. (3) 


TakuM o0pa30M, corsacHo dopmysie (3), B 


COOTBeTCTBUH Cc MeToAMKON [12], BeposxATHBIe 
pa3IMBbI 1p NOBpex7eHuH OopTa U JHUIa cyHa 
ONpeeIAKOTCA = OTAebHO, a nmocne 9TOrO 
ollpeqeumeTcaA OOM peso uaraeMbIi pa3zJIMB. 

cyjIHa 


MOBPCoaK CHUA 


B  ciyyae noBppexgeHua Oopta 


KOIMPMUIMEHT BepOATHOCTH 


Tpy30Boro TaHka coctTaBuT | 12]: 


-(1-% x Lily 
de Le. L, +1. 


rye s; = 2,6 — paccrosHue OT HapyxXHOH 


(4) 


OOIIMBKH Kopliyca JO rpaHulbl Tpy30Boro TaHka, 
M; fe = B/5 = 10 — TonepeyHad NMpOTs*KEHHOCTB 
NOBpexeHHA Oopta, M; B = 48 — wimpuHa cya, 
M; J; = 33,6 — jumuHa rpy30Boro TaHka, M; [. = 


y, PP = 14 — TIpOOIbHad IpPOTAX*KCHHOCTh 


NOBpexyeHHA Oopta, M; L = 274 — jyimua cya, 
M; L; = 264 — ymHa MexK]y WepesqHenw u 3aqHen 
OKOHeC4UHOCTAMH Ipy30BbIX TAaHKOB, M [7, 8]. 

koomdulveHT BeposATHOCTU 
BBULY 
HOBpexeHHA OopTa cysHa, paccuMTaHHbIM 0 


TakuM o0pa30M, 


NOBpexK TeHHA Tpy30Boro TaHka 
(bopmMysie (4), cocTaBisaeT g, = 0,125. 
OObBEM TIpOrHO3upyeMoro pa3IMBa 43 rpy30Boro 


TaHkKa IIpu WOBpexTeHuU Oopta cyguHa [12]: 


Q.. = Vis (5) 


3 
roe V; = 14841,2 mM — = mMakcuMasibHaa 
BME€CTHMOCTb rpy30Boro TaHka [8]. 

TakuM o0pa30M, o0beEM  fpesMouaraemoro 


pa3IMBa W3 rpy30BOro TaHKa IIpH NoOBpexTeHHu 


09://bps-journa 





-ru 


Leakage of oil cargo in the result of the 
damage to the sides and/or bottom of the 
vessel. Oil and petroleum products spill in the 
result of the damage to the board and/or the 
bottom of the vessel can occur, for example, in 
a collision, collision with a third party vessel or 
running aground. The empirical value of the 
total spill damage to the board and/or the 
bottom of the tanker is determined according to 
[12]. The total estimated spill is a partial sum of 
the volumes of spills at a probable damage to 


the side (Q,) and bottoms (Q,) of the vessel, m: 
O56 = 9,4: Q. + 0,6-Q,. (3) 

Thus, according to the formula (3), in 
accordance with the methodology of [12], the 
probability of a spill in the result of the damage 
to the sides and bottoms of the vessel is 
determined separately and then the total 
estimated spill 1s determined. 

In case of damage to the vessel the coefficient 


of probability of damage to cargo tank will be 


[12]: 
-{1-* ) l; ae 
te le. L, +1. 


where s; = 2,6 — the distance from the shell 


(4) 


plating to the side of the cargo tank, m; ft, = B/S 
= 10 - the transverse extent of the side damage, 
m; B = 48 — the width of the vessel, m; J; = 


33,6 — the cargo tank length, m; /, = yn 3 


14 — the longitudinal extent of the side 
damage, m; L = 274 — the length of the vessel, 
m; L, = 264 - the length between the front and 
rear extremities of the cargo tanks, m [7, 8]. 

Thus, the coefficient of the probability of 
damage to cargo tank due to damage to the 
vessel, calculated by the formula (4) is gq. = 
0,125. 

The amount of the projected spillage from 
the cargo tank in the result of the damage to the 
vessel [12]: 

QO. = de Vi» (3) 

where V; = 14841,2 m°> — the maximum 
capacity of a cargo tank [8]. 

Thus, the amount of the estimated spill from 
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OopTa cyHa, paccuuTaHHbI moO dopmysie (5), 
cocTaBHuT QO. = 1855,2 M. 
IIpu noppexyeHuu Hua cyiHa KoodduinMeHT 


BCpOATHOCTH MOBpeCo7K TCHUA Ipy30BOro TaHKa 
coctTaButT | 12]: 
h; (1, +1, ) a (i +1,)x (6 +b,) 
a=(I- K xt (L, +1,)x(B, +b (L, +1,)x(B, +8,)’ (6) 


roe h; = 2,64 — ssicota QBOMHOrO Ha, M3 Vs = 
BAS = 3,2 
NOBpexKeHHA Hua, M; B = 48 — wmpuna cya, 


— BepTWKaJIbHait IIPOTA2KEHHOCTL 


M; /; = 33,6 — yuImHa rpy30Boro TaHKa, M; J, = 0,20 
= 54,8 
NOBpexyeHua WHua, M; L = 274 — yymua cya, 


IIpOHOJIbHaA IIPOTA2KEHHOCTL 


M; 5; = 16,9 — wmpuna rpy30Boro TaHka, M; Db, = 
Blo = 8 
NMOBpexTeHuA THUIIa, M; L; = 264 — qimMHna Mex Ly 


momepeyHad lmpOTA*KEHHOCTb 
TlepeqHew UW 3aHeH OKOHEYHOCTAMUM Tpy30BbIX 
TaHKoB, M; B, = 42,8 — wiMpuHa rpy30BON 30HBI, M 
[7, 8]. 


TakuM o0pa30M, Koosd@uunMeHT BepOATHOCTH 


NOBpex CHA Tpy30Boro TaHka BBU LY 

NOBPEXKCHHA JHMIa CyIHa, paccCuMTaHHbIi 10 

(bopMysie (6), cocTaBsaeT g, = 0,0238. 
Koodduuent pa3sIMBa BBUJLY 


ruypoctaTuyeckoro W30bITOUHOrO aBJIeHHA B 
Tpy30BbIx TaHKax | 12]: 
p,(d—h,)x g -100Ap 


= 
a lLlxp. xh, x g 


(7) 


rae P- — HOMMHAIbHad WJIOTHOCTh HedTerpy3a, 
T/M: Ps = 1,025 — NNOTHOCTb MOPCKON BOJIEI, T/M: 
d = 17,02 — ocayka cyqHa Ip MOUHON 3arpy3Ke, 
M; A, = 20,72 — Bpicota crou0a rpy3a Hay, JHUIeM 


rpy30Boro TaHka, M; 4p = 0,05 — HanOdosbiiee 
HOPMaJIbHOe VW30bITOUHOe WaBJIEHHe B Tpy30BOM 
TaHKe, Oap; g = 9,81 — yckopeHue cBoodoHOrO 
ayjleHus, o/c?: 1,1 — KooImmuuneHyT, 


YUUTHIBAFOINIMM MpOMexKYTOYHbIe WOTepu, BOJIHCHHe 
MW upusue [7, 8]. 

TakuM oOOpa30M, JIA Ipy30BbIX TaHKOB 
KOIPDUUMeEHT pa3zIMBa BBUAY rHApOcTaTH4uecKOrO 
W30bITOUHOrO 8=6yaBJICHHA, paccCuHTaHHbIi 10 
(bopMysie (7), CocTaBsIAeT gy = 0,37. 

OObEM NpOorHo3HpyeMOro pa3IMBa W3 Ipy3OBbIxX 


TAHKOB IIpW NOBpex7eHHM Hua cyqHa [12], M 


QO, =4,° 91° V;- (8) 
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a cargo tank in the result of the damage to the 
vessel, calculated by the formula (5) is Q, = 
1855,2 m’. 

At damage to the bottom of the vessel, the 
coefficient of probability of damage to the 
cargo tank will be [12]: 

(1, +1, ) a (i, +1,)x (6, +8,) 


a=(! fet (L, +1,) (L, +1,)x(B, +b,)’ (6) 


where h; = 2,64 — the hints bottom height, 
m; v, = B/I5 = 3,2 — the vertical extent of 
bottom damage, m; B = 48 — the width of the 
vessel, m; /; = 33,6 — the cargo tank length, m; 
l, = 0,2 L = 54,8 — the longitudinal extent of 
bottom damage, m; L = 274 — the length of the 
vessel, m; b; = 16,9 — the width of the cargo 
tank, m; b, = B/6 = 8 — the transverse extent of 
bottom damage, m; L; = 264 - the length 
between the front and rear extremities of the 
cargo tanks, m; B,; = 42,8 — the cargo area 
width, m [7, 8]. 

Thus, the coefficient of the probability of 
damage to the cargo tank due to thebdamage to 
the bottom of the vessel, calculated by the 
0,0238. 

The spill factor due to the hydrostatic 


formula (6) 1s g;= 


overpressure in cargo tanks [12]: 


={= 
a rs x 2g 


(7) 


where p, - the nominal density of the oil 
cargo, t/m?: ps = 1,025 - the density of the sea 
water, t/m?: d = of 17,02 — the draught of the 
fully loaded ship, m; h, = 20,72 — the post 
height of cargo above the bottom of the cargo 
tank, m; 4p = 0,05 - the highest normal 
overpressure in the cargo tank, bar; g = 9,81 — 
free fall m/s*; 1,1 the 
coefficient, which takes into account interim 


acceleration, 


losses, the sea disturbance and tide rise [7, 8]. 
Therefore, for cargo tanks, the spill factor due 
to the hydrostatic overpressure, calculated by 
the formula (7) is g, = 0,37, 
The amount of the projected spillage from 
cargo tanks because of the damage to the 
bottom of the vessel [12], m: 


QO, =4,°%,°V;- (8) 


a 





> A / 


( SF JI » / 


Safety of Technogenic and Natural Systems 





BbraucsIeHHbIM OObeM cocTaBH O, = 130,7 M. 
Takum 00pa30M, OOM MpOrHo3upyeMBIii pa3JIMB 
M3 Ipy30BbIX TAaHKOB Tp NoBpexeHHH OoptTa 
muuua cya, 
ommupHyeckou opmyse (3) [12], cocraBmaeT Qoon, 
= 820,5 m. 
KomMuecTBeHHoe BbIpaxkKeHHe pa3sIMBa TO Macce 


v/YsIM paccuMTaHHbIM = 110 


TIA WeperpyxKaeMbIx HeMTeiIpOYKTOB, C y4YETOM 
ux moTHoctTu [14], cocraBasaeT: Ma3yT — 815,7 T; 
BaKYYMHBIM ra30vib — 755,3 T; H3ebHoe 


TOMNMBO — 681,9 T. 


MakcHMaJIbHbId =pacueTHbIM = =pa3zmmB. =B 
KaueCTBe MaKCHMaJIBHOrO pacueTHOLO pa3JIMBa JIA 
CyqHa C JIBOMHbIM KOpITycoM (JBOMHbIM JIHOM U 


[9] 


IIPHHUMaeTcA pa3JIMB B KONMYecTBe 50% Byx 


JBOMHbIMH OOpTaMH) B COOTBeETCTBHH C 


CMOQOKHbBIX TAHKOB, KOTODBIM, YUIMTbIBAA 


MaKCUMAaJIbHYIO BMECTHMOCTh rpy30BOro TaHka V; 
HeMTelpOyKTOB, 
: . 3 

COCTaBJIAeT OOBEM, paBHBI 14841,2 m’, u Maccy, 


IJIOTHOCTB pa3sJIMBUOINXCA 


paBHyto: wia ma3sytra — 14755 T; BakyymMHoro 
ra3onia — 13662,8 T; Qu3embHOrO TONIMBa — 
12334,5 T. 


CoryacHO pa3JIMYHbIM JaHHbIM BePpOATHOCTb 
TaKOrO pa3uBa — | pa3 B 8000 net [12] usm | pa3 
B 167000 ser [15], MockombKy OnOpoxKHeHHe JByx 
TaHKOB BO3MO%KHO TOJbKO pH mepemome 
KPyYUHOTOHH@KHOrO TaHKepa Ha JIMHHOM BOJIHE. 
YuuTpipad HasMuue JBOMHOrO Kopiyca, WIA TakKux 
Cepbeé3HbIX MOBPexXTCHHHM HeEOOXOJHMbI OFpOMHBIe 
Harpy3KH Ha KOpIlyc, KOTOpble MOryT BO3HUKHYTb 
MCKJIIOUNTeJIBHO Ha rpeOHe WIM Y MOJOMBbI BOJIHbI 
BCJICICTBHe BO3JCHCTBHA BOJIH OnpeqeseHHOU 
MHI. YcNOBUA WiaBaHua CyOB B MOPCKHX 
moOepexba Poccun 


WOptTax 4epHOMOPCKOrO 


TlO3BOJLALOT JOIYCTUTb TMMOTeETHUeCKYFO 
BO3MO2%KHOCTb MOJOOHbIX TOBPexKCHHM TOJIbKO Ha 
moyzxoye K WOPTy Ha BHeIHeM pense [15]. 
UtoroBble pe3yJIbTaTbI KOJIM4CCTBEHHOU OILCHKU 
MacluTao0oB IIPOrHO3SMpyeMBIxX aBapHUHbIX 
pa3HBOB HedTelmpoxyKTOB pu Ux MepeBasike Ha 
AKBaTOPHAX PeCHOBbIX Teperpy304UHbIX PaHOHOB 


MOPCKHX TIOPTOB CBeJICHbI B TAOJIUILY. 
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The calculated volume was Q, = of 130,7 m°. 
Thus, the total projected spill from cargo 


tanks because of the damage to the board and/or 
the bottom of the vessel, calculated by the 
empirical formula (3) [12], is Qo6y = 820,5 m°. 
A quantitative expression of the spill by the 
weight of the oil transshipped, with regard to its 
density [14], is for oil — 815,7 t; vacuum gas 
oil — 755,3 t; diesel fuel — 681,9 t. 
The The 


maximum calculated spill for the vessel with 
double hull (double bottom and double sides) 


according to [9] is the spill in the amount of 


maximum calculated _ spill. 


50% of two adjacent tanks, which, given the 
maximum capacity of cargo tanks Vi and the 
density of the spilled oil, is a volume of 
14841,2 m’, and a mass for oil — 14755 t; for 
vacuum gas oil 13662,8 t; for diesel fuel — 
12334,5 t. 

According to various reports, the probability 
of such spill — 1 time in 8000 years [12] or 
once in 167000 years [15], since the emptying 
of the two tanks is only possible when there 
occurs the fracture of large tankers on long 
wave. Given the presence of the double hull, 
such serious injuries require huge loads on the 
hull, which can be only on the crest or at the 
foot of the wave due to the impact of waves of a 
certain length. The conditions of navigation in 
seaports of the Black sea coast of Russia allow 
the hypothetical possibility of such damages 
only on the approach to the port in the outer 
roads [15]. 

The results of the quantitative assessment of 
the extent of the predicted disaster of oil spills 
during transshipment in the waters of the 
roadstead transshipment areas of seaports are 


Summarized in the table. 
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Table 
Tadmuna 


PacuéTHble XapaKTepHCTHKH MpOrHO3HpyeMBIX aBaPHHMHBIX pa3sIMBOB HeTelMpOYKTOB 
Calculated characteristics of the predicted disaster of oil spills 


McTrouHnk 
pa31uBa / Sourse of the spill 


Yteuka He@TelMpowyKTOB B_ pe3yIbTaTe 
MaJloro HOBpexKeHHA MWeperpy304HOoro 
wianra / Ooil spills as a result of a small 
damage to a handling hose 


Yteuka HeQ@TelmpoAyKTOB B pe3yIbTaTe 
llepesiuBa Tpy30Boro TaHKa cyqHa Ip 
norpy3Ke / Oil spills as a result of 
overfilling of a cargo tank of the vessel 
during loading 

Yteuka He@TelMpoAyKTOB B_ pe3yIbTaTe 
YaCTHYHOIO = pa3pbiBa leperpy304uHOro 
wianra / Oil spills as a result of partial 
tear of a handling hose 


Yteuka HedTempoxyKTOB B pe3yIbTaTe 
TIOJIHOTO pa3pbiBa lleperpy304HOro 
aHra pu nworpy3Ke cygwHa / Oil spills 


as a result of a complete tear of a handling 
hose during the loading of the vessel 
Ytreuka He@TelpoAyKTOB B_ pe3ybTare 


TOJIHOrO pa3pbiBa lleperpy30uHoro 
WlaHra pu BbIrpy3Ke cyqHa / Oil spills 
as a result of a complete tear of a handling 
hose during the unloading of the vessel 
Yteuka He@TelpoOAyKTOB B_ pe3yyIbTaTe 
NOBpexKTeHHA Oopta H/uIM THUIIAa cynHa / 
Oil spills as a result of damage to the sides 
and/or bottoms of the vessel 


50% onopoxHeHHe 
TaHKOB IIpH UX HOBpexJeCHHH B 
pe3yibTare wepemoma cyyHa / 50% 
emptying of the two adjacent tanks when 
they are damaged as a result of the 
fracture of the vessel 

Yteuka He@TelpoOAyKTOB B_  pe3yIbTaTe 
YaCTHYHOIO pa3pbiBa eperpy304uHOoro 


ABYX CMC7KHbIX 


wiuaHra / Oil spills as a result of partial 
tear of a handling hose 
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Tun HemtTenpoxykKra 
/ Oil product type 


J[u3eJIbHOe TOLJIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 

Masyt/ Fuel oil 
J[u3eJIbHOe TOLJIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 
Mas3yt/ Fuel oil 
J[u3eJIbHOe TOLIIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 
Ma3ytr/ Fuel oil 
J[u3eJIbHOe TOLJIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 
Ma3yr/ Fuel oil 
J[u3eJIbHOe TOLJIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 
Ma3yt/ Fuel oil 
J[u3eJIbHOe TOLJIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 
Ma3yr/ Fuel oil 
J[u3eJIbHOe TOLJIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 
Ma3ytr/ Fuel oil 


J[u3eJIbHOe TOLJIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 
Ma3ytr/ Fuel oil 


-ru 


Ko.mm4ecrBo, 
TOHHbI 
/Quantity, 
tons 


OO0nbeéeM, Me 
/Volume, m° 


12334,5 
13662,8 


14755 
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Sakmo4eHHe. Iipou3sBeqeHa KkoOuM4YeCTBeHHAA 
OI[CHKa BePOATHBIX OOBEMOB UH Macc aBapHiHbIx 
pa3IMBOB TaKHX HedTenpOyKTOB, Kak Ma3yT, 
BaKYYMHBIM Ta30MJIb UH H3eIbHOe TONJIMBO B 
3aBHMCHMOCTH = OT 


IIPOTHO3MpyeMbIX  YyCJIOBUM 


BOSHHKHOBeCHHA aBapHWHbIx cuTyallun, 
BKJINOUAIOINIMX pa3IM4Hble BUAbI MOBpexTCHHA 
Y3JIOBBIX KOMIIOHCHTOB IlepeJIMBHOTO 
oOopyHoBaHHA pH TWpoBeyeHuu Torpy304uHo- 
pa3srpy30UHBIX onepalMw MexYyY  cyyaMu. 
Ilomy4eHuble B padoTe pe3ysIbTaTbI pacuéTOB MOTYT 
ObITb HMCIOJIb30BaHBI WA COCTaBJICHHA 


3a01arOBPeCMeHHBIX MpOrHO30B 4pe3BbIdaMHbIx 


cuTyallun, OOYCJIOBJICHHBIX pa3IMBaMu 


He@TeCHpOAYKTOB Ha aKBaTOpHM  pelOBbIx 


Tleperpy304HbIX paMOHOB MOPCKHX  IIOpTOB 


yepHomMopcKoro WodepexbaA Poccuu uw TpHHATHA 


HeEOOXOTMMBIX Mep Oe30TaCHOCTH TUIA 


Ipeyipex CHUA YKa3aHHbIxX pa3JIMBOB. 
buOs1Morpamuyeckuh CIMCOK. 
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Conclusion. The authors have conducted 


quantitative assessment of the probable 
volumes and masses of accidental spills of 
petroleum products such as fuel oil, vacuum 
gasoil and diesel fuel depending on _ the 
predicted conditions of emergencies, including 
different types of damage to the components of 
transshipment equipment during loading and 
ships. The 


obtained results of calculations can be used to 


unloading operations between 
make early forecasts of emergencies caused by 
oil spills in the waters of the roadstead 
transshipment areas of the seaports of the Black 
sea coast of Russia and to take the necessary 


security measures to prevent these spills. 
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PA3PABOTKA METOJHMKH 
BO3MO2KHOCTHOM OWEHKH 
BE3ONACHOCTH TEXHHYECKON 
CUCTEMBI «OBbEKT 3AXOPOHEHHA 
OTXO/JIOB - 3ALIMTA — HACEJIEHHbIMN 
ITYHKT» 


3. TI. Xopouyn, FO. B. Ecunoe 


JJoHCKOU rocyAapcTBeHHbIM TEXHHYeCCKHM YHUBepCcnurTe;, I. 
Poctos-Ha-Jlouy, Poccuuickaa Deyepauua 


horoshun.rpn-eko @ bk.ru 
yu-yesipov5 @ yandex.ru, 


B pamkKax MapamMetTpwyeckoro MOeMpOBaHHA 
IIpOBeeH aHaIM3 YHUKAIbHOM CHCTeEMBbI «“OOBCKT 
3aXOPOHCHHA OTXOAOB — 3all[dTa — HaCeJICHHbIM 


IYHKT> Cc NO3HIIMH eé MOTeHIMasIbHOU 
omacHocTH.  YcTaHOBJIeHbI  MOTeHI[MaIbHbIC 
BepIIMHHbIe UCXOAbl HapylieHva npaBus 


OKCIIyaTauuu OObeEKTAa 3aXOPOHCHHA OTXOJIOB U 
pa3spaO0oTaHa CTpyKTypHO-JIOrMyuecKad MOJIe/Ib UX 
Ha 
lpopeyjena 


peajIv3alMn. OCHOBaAHUU TlOJTY4CHHBIX 


J[AHHBIX alpoOalua JIOrMKO- 


BOSMOJKHOCTHOLO MecTOya IKCHPCCC-OHCHKU 


CHCT€MbI «OOBCKT 3aXOPOHCHYA OTXOXOB — 


3aljuTa — HaceJIeHHbIM IYHKT» UW MOJy4eHbI 


3Ha4deHHA BO3MO2%KHOCTHOH Mepbl peasin3aluu 


BepIIMHHOrO =ucxoyqa WIA WenCTBYyFOMLero 


OObeKTAa 3aXOpOHeEHHA OTXON0B. Pa3zpadoTaHa 
CXeMa OIIpeyesIeHHA 3al[MTHbIX MepollpuATu 


AIH CHYOKCHHA KOHICHTpauwHH HHTpPaTOB B 


I'PYHTOBbIX BOax, Ha OCHOBaHHM KOTOPON ObIsa 
yCTaHOBJIeHa HeOOXOJMMOCTB pa3padoTkKu 
MHCTpyKWHWu TO cOOpy HU TpaHcnoOpTupoBaHuto 


(pUIIbTpaTa OObeEKTA 3AXOPOHCHHA OTXOOB. 


KuroueBbie = =cJI0Ba: = Oe30T1aCHOCTb, CHCTeMa 
«“OOBEKT 3aXOPOHCHHA OTXOOB — 3alluTa — 
HaceJIeHHbIM WYHKT»,  cCylyyawHoe  coodbITHe, 
BepIIMHHbIM = UCXOJ, BO3MO%KHOCTHaA Mepa, 
llapaMeTpnueckad MOJICJIb «BO3J[EMCTBHe- 
BOCIHPHUMUHBOCTD»). 

Bpezenne. OHUM 3 HanOolee BarxKHbIX 
BOIIpOCOB OXpaHbl OKpyKalollew cpeybl B 
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METHOD DEVELOPMENT OF 
PROBABILISTIC SAFETY ASSESSMENT 
OF THE TECHNICAL SYSTEMS «OBJECT 
OF WASTE DISPOSAL — PROTECTION —- 
LOCALITY» 


E. G. Khoroshun, Y. V. Esipov 


Don State Technical University, Rostov-on-Don, Russian 
Federation 


horoshun.rpn-eko @bk.ru 
yu-yesipov) @ yandex.ru, 


In the framework of parametric modeling, the 
paper provides the analysis of a unique system 
«object of waste disposal — protection — locality» 
from the perspective of its potential danger. It 
establishes the vertex set of the potential 
outcomes of violations of the rules of operation 
of waste disposal and develops a logical model 
for their realization. Based on the data the 
tested the 


method of rapid assessment system "object of 


authors have logic-probabilistic 
waste disposal — protection — locality" and got 
the resulting values of probabilistic realization of 
the vertex outcome for the current object of 
disposal. The scheme for determination of 


protective measures to reduce nitrate 
concentrations in groundwater was developed. 
On its basis, the authors have established the 
the 


collection and transportation of object of waste 


necessity to develop. instructions for 


disposal infiltrate. 


Keywords:: Protection, system «object of waste 
disposal — protection — locality», random event, 
vertex outcome, 


probabilistic | measure, 


parametric model «influence — susceptibility» 


Introduction. One of the most important 


issues of the environmental protection in the 
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Poccuiickon Meyepauuu u B PocToBckoi oOmacTH, 


OcTaeTcx Bolpoc oOpallleHua c OTXxOaMu 
IIPOM3BOJICTBa HW NOTpeOIeHUA. 
Ilo JIAaHHbIM opulMasbHoOu CTaTHCTHKU 


exKeroqHO Ha TeppuTopuu oOsacTH OOpa3yerca 
okon0 5S MIHT oTxo70B. Ha nepepadoTKy uyeT 
IIPHMepHO YeTBEPTb, OCTaJIbHOe BbIBO3HTCA Ha 
Cllel[MaJIbHble MOJIMTOHbI — OObEKTHI 3AXOPOHCHUA 
OTXOJIOB. 
CormacHO cCBeeHHAM U3  pernOHaIbHOro 
KajlacTpa OTXOJOB IIpOM3BOJICTBa WH WOTpedseHuA, 
BKJIFOUaFOINIMM JJaHHBIe, IIpeCTaBJIAeMBIe 
OpraHaMM MeCTHOTO CaMOylIpaBIeHHa, Ha Hayasio 
2016 rofa Ha TeppuTopuHu OOsIacTH pacnoOx*KeHO 
616 


oTxoyoB [1]. U3 Hux: 


OObeCKTOB 3aXOPOHCHHA KOMMYHAJIbHBIX 
1. JleictByrommx (415) — 15 tmonmuronos; 244 
129 


TBepJIBIX 


CaHKIMOHUpOBaHHBbIx u 
HeCaHKIMOHMpOBaHHBbIx CBaJIOK 
KOMMYHA@JIBHBIX OTXOJIOB. 

2. 3akKOHCepBUPOBaHHbIX (BBIBeJICHHbIX 3 
okcrtyatauuu) (214) — 214 cBanok TBepybIx 
KOMMYHA@JIBHBIX OTXOJIOB. 

CyiecTByrolne 
OTXOJIOB XapaKTepH3yIOTCA 


OObeKTHI 3aXx OpOHeHHA 
JIMTeCIbHBIM = 
HHTCHCHBHbIM 
OKPY2KaFOLL yO 


coylep»kaHue 


HCraTHUBHbIM 


cpeyly. 
OOBEKTOB 


BO3JIEHCTBHeEM Ha 
OOycTpovicTBO u 
He COOTBETCTBYFOT 
YCTAHOBJICHHbIM 3€KOHOM TpeOoBaHuaM [2]. 

OKcHIyaTauuA OObCKTOB 3AXOPOHECHHA OTXOJIOB 
conpsKeHa OllpejeJIEHHbIM 9IKOJOrM4eCKUM 
PHCKOM, B XOJle OL|CHKH KOTOPOrO BO3HHKaeT pA 
CJIOWKHOCTEN. 

CuctemMa "OObeKT 3aXO0POHeCHHA OTXOJOB — 
3allMTa — HaceJIeHHbIM MYHKT" ABIAeTCA TJIOXO 
CTaTHCTHYeCCKH U3YYeCHHOM CHCTeMON. 

IIpoOsema mpeycka3yemMocTu UU (MIM) OLeHKH 
BepOATHOCTH 


BOSHHUKHOBCHHA IIDOHCIICCTBYUA 


(3a00eBaHHe, HeC4aCTHbIM cilyual, aBapuas, 
KaTacTpoda) Ha ypOBHe BeJIM4MHbI HWKe JOM 
IpouweHta B TMIOXO cTaTHcTHYecKH W3y4eHHOU 
CHUCTeME ABJIACTCA OLHON 3 AKTYAJIBHBIX 3aJa4 Kak 


Ha 9Talie pa3pa0oTKH, Tak UW Ha o9Tale eé 


[3]. 


Oe30NacHOCTH CHCTeMbI 3aBHCAT KaK OT IJIyYOHHBI 


IKCHITYaTanuu OueHuka U IIDOPHO3 


ACTasIM3awWu PaCKPbITHA KOMITOHCHTOB CHCTCMBbI 
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Russian Federation and in the Rostov region is 
the question about production and consumer 
waste disposal. 

According to official statistics, every year the 
region produces about 5 million tons of waste. 
For processing goes roughly a quarter of it, and 
the rest is transported to special landfills — 
waste disposal sites. 

According to information from the regional 
cadaster of production and consumer waste, 
including the data submitted by local authorities, 
at the beginning of 2016 the region has 616 
landfills of municipal waste [1]. Out of them: 

1. Existing ones (415) — 15 sites; 244 129 
authorized and unauthorized dumps of solid 
municipal waste. 

2. Inactive ones (214) — 214 dumps of 
municipal solid waste. 

Existing waste disposal sites are characterized 
by the prolonged and intense negative impact on 
the The 


maintenance of facilities 


environment. construction and 
do not meet the 
statutory requirements [2]. 

Operation of waste disposal sites carries a 
certain environmental risk, the assessment of 
which has a number of challenges. 

The system of "object of waste disposal — 
protection — locality" is a poorly statistically 
studied system. 

The problem of predictability and (or) 
assessment of the probability of occurrence of 
the incident (illness, accident, crash, disaster) at 
the value level below one percent in statistically 
badly studied system is one of the urgent tasks at 
the development stage and at the stage of its 
operation [3]. The assessment and prediction of 
security of the system depend on the granularity 
of the system components "object of waste 


disposal — protection — locality", and the degree 
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"OObCKT 3aXOPOHCHHA OTXOJOB — 3alluTa — 
HaceJICHHbIM ITYHKT', TaK HU OT CTeneHu 
W3Y4UeCHHOCTH,  MONHOTKE U  WOCTOBepHOCTH 


MHDOpMalluH O MpeMOcbWIKax IpOMciecTBUH, 


(bakTOpax UM UX  CBA3AX  OTHOCHTEJIbHO 
paccMaTpHBaeMBIX BepIMHHBIX UCXOOB [4]. 
Koneniua WpvemMsIeMoro pucKa YHUKaJIbHbIx 
CHCTeM IIpesmouaraeT MeTOAMYeCKOe OOBEMHEHHE 
CTPYKTYPHBIX 


M HeloNHOM w[pesqcKa3yeMocTH 


lipeqompeyeseHHOcTu CBA3eH 
KOMIIOHCHTOB 
oOsacTeH BapbupoBaHHA MapaMeTpoB (akTOpOB U 
XapaKTepHCTHK OObBeKTa cHcTeMbI. BcsieqcTBue 
9TOTO KOHI[eMMMA MpHeMsIeMOoro pucKa Mouwyausa 
JjajibHeliliee pa3BuTHe Ha OCHOBe pa3padoTKH U 
IIPMMeHeHHA JBYX B3AMMOJONOIHAKOMIMX MeCTOOB 
JIOTHKO-BEpOATHOCTHOPO MeTOJIa aHasI3a HU OIeCHKU 
Oe30NacCHOCTH THIOBbIX 


CHCTCM HUH JIOTHUKO- 


BO3MO2KHOCTHOrO MeTo]Ia IKCIpecc-OlleHKH 
YHUKaJIbHBIX CucTeM [5]. 

Ilenbro paOoThI ABIIAeTCA allanTallua JIOrMKO- 
BO3MO)%KHOCTHOrO MeTOa HapaMeTpuyecKoro 
MOJICIMpOBaHHA B YHUKasIbHOM CHCTeMe «OOBeEKT 
3€XOPOHCHHA OTXOJIOB — 3allIMTa — HaceJIeHHbIil 
IYHKT»> (IA 


OHWUCHKH 9OKOJIOTHUCCKOTO PHCKa 


IKCHITVaTaWuu OMaCHbIX ITICMCHTOB C 


yYCTaHOBJICHHeM Mep- YyIIpaBIeHHA, CHMKeHHA 


onmacHOocTH u MOcueLyrouad anpoodallna 
ajlallTHpOBaHHOrO MeTOXa Ha JeCHCTBUTeJIbBHOM 
OObeKTe C IpeqOxXeHHeEM PeleHHM JOCTHKeHHA 
IIDHEMJICMOLO SKOJIOFMYECKOLO PUCKa. 
Teopernueckad 4acTb. Ha ocHOoBaHHy aHasiu3a 
anropHTMa  olipeyeweHua u  Tocmreyromlero 
pacueTa loKa3aTeeH Oe30MacHOCTH Jit CHCTeMBI 
"OOBeEKT — 3allluTa — cpeyja" ycTaHOBJIeHO, YTO JIA 
CHCTeMbI "OObEKT 3AXOPOHCHHA OTXOJIOB — 3all[MTa 


— HaceJIeHHbIM MYHKT" asIrOpuTM oOlpeyeseHua U 


MOceYIOWMu pacueT noka3aTeseu 
9KONOTHYeCKOH Oe30NaCHOCTH  COCTOHT 43 
CIE XYFOWUX 3aa4: 


1. I[I[poaHamm3upoBaTb BapwaHTbIl BepmIMHHbIx 
ucxojoB (BM) HeraTuBHOrO BO3,eHCTBHA OObeEKTA 
pa3MelleHHA OTXOJIOB Ha OKPy?KalOlllyto cpeyly. 
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TACTENM — 
of knowledge, completeness and accuracy of the 
information on the preconditions of accident 
factors and their relationship with respect to the 


considered vertex outcomes [4]. 


The concept of acceptable risk of unique 


systems involves methodical connection of 
predetermination of the structural relationships 
of the 


predictability of the parameters variation ranges 


components and the incomplete 
of the factors and characteristics of the object of 
the system. As a result, the concept of the 
acceptable risk was further developed through 
the development and application of two 
complementary methods of logical and 
probabilistic method of analysis and safety 
assessment of typical systems and _logical- 
probabilistic method of rapid assessment of 
unique systems [5]. 

The aim of this work is the adaptation of 
method 


modeling in the unique system "object of waste 


logical-probabilistic of parametric 


disposal — protection — locality" for ecological 
risk assessment of the operation of the hazardous 


elements and for establishing management 


measures, for risk reduction and subsequent 
testing of the adapted method on a valid object 
with a range of solutions to achieve acceptable 
environmental risk. 

Theoretical part. Based on the analysis of the 
determination algorithm and the subsequent 
calculation of parameters of system "object — 
protection — environment" it was found that "the 
object of waste disposal — protection — locality" 
determination algorithm and the subsequent 
calculation of indicators of ecological security 
consists of the following tasks: 


1. To review the options for vertex outcomes 
(VO) of the negative impact of waste disposal on 
the environment. 


2. YcTaHOBUTbh TpeAMOCbWIKH peasIM3allun 2. To establish the preconditions for the 
BU. ; realization of VO. 
3. [locrpouTb = KoHcTpykuMio = lorwueckon 3. To build the design of the logical model of 
MoweIM pearu3aynun BM. realization of VO. 
; S-journal.ru i 49 | 
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4. PaccuntTaTp BO3MO%KHOCTHBIC MepbI 
peamm3allHu Coy4anHblx COOBITHH. 
5. [locrponts BO3MO2KHOCTHYIO (bopMy 


(PYHKWMN pearu3anun BM. 

6. IloacraBuTb B Heé BO3MO%KHOCTHBIC MepBI 
peasIM3allHu 3IEMCHTAapHBIX IIpeWIOCBIJIOK. 

7. IlowyauTb UTOrOBbIM pe3yiIbTaT B BUTE 
BO3MO2KHOCTHOM Mepbl pearu3amuu BU B cucTeme 
"OOBeCKT 3axX OPOHCHUA OTXONOB-3alllHTAa- 
HaCeJICHHbIM MWyHKT" [6,7]. 

TOM u4HcCIe Ux 


Pa3mMelleHHe OTXOJIOB, B 


3AXOPOHCHHe, OCYIICCTBJIACTCA Ha OObeKTAX, 


KOTODPBIC ABJLALOTCA IIpHpOJOOXpaHHbIMu 


COOPY7KCHHUAMH, oOecneuMBalOLIMMU CHIDKCHHE 


WIM peqOTBpalljeHve HeraTHBHOTO BO3J}eHCTBUA 
Ha OKPy?KarOLLytO Cpelly. 

Ilo, 9KOIOrM4eCKUMU ACIICKTaMH 3aXOPpOHCHHA 
OOIeIPHHATbIM 


OTXONOB, B COOTBCTCTBHYH C 


olipeyqesIeHveM, cileqyeT IMOHHMAaTb 93JICMeHTHI 
JICATCJIBHOCTH T10 3aXOPOHCHHIO OTXOJOB U eé 
pe3yJIbTaTbI, KOTOpbIe, B KOHC4YHOM UTOre, MOryT 
OKa3bIBaTb BIIMAHMEe Ha OKPy2Kalolllyro cpeyly [8]. 

K OCHOBHBIM 9KOJIOM4CCKUM acIIeKTaM IIpu 
3ax OPOHCHHH 


OTXOJIOB IIDOH3BOJCTBa 4t 


OoTpeOsJIeHHA MOryT OTHOCHTBCHA: U3SbATHEC 


3CMCJIBHBIX PeCypCOB HWJIM y4acTKOB Hep oy 
CTPOHTEJIbCTBO OObEKTA; OOpallleHHe C OMacHbIMU 


TA okpyKarollev CpeJIbI BeLeCTBaMH; 
IOCTyIWIeHHe  #$3arpxA3HAIOWIMX  BeLIeCTB B 
TeouOrMyecKylO cpeysty O3CMHBIX, BOJIHBIX 


OOBEKTOB, TOPHBbIX MOpoy, MOUBy; MOcTyM1eHHe 
3alpA3HAFOIMX BeLICCTB B IOBEPXHOCTHBIe BOJIHbIe 
OOBeCKTbI UH OmM37e7%KalHe 


Ha TeppuTopun; 


BbIOPOCbI 3arpAZ3HAIOWIUX BeLIeCTB B ATMOC(epHbIM 


BOSJLYX. 
PacTHTeJIbHbIM u 


OnocpeqoOBaHHoe BO3JeHCTBHe Ha 


29KUBOTHBIM 


MUp 
OuoOrMYecKoe 3arpaA3HeEHHe OKpyxKarollei cpeJibl 
M BePOATHOCTb BO3HHKHOBeCHHA TOKApOB (JIA 
OTXOJIOB, 


BbIJeIALOWUINX TlO*KapOomacHble 


BCIICCTBa, B TOM Y4HCIe Up JVJIMTCJIGBHOM 


XpaHeHun) [9]. 
OcHOBHbIMU lipH4uvHamMu CJIOX%KHOCTU 
OlipeyesIeHHA KOHKPeTHO peasM3yeMbIxX Ipynll 


COOBITHH, CBA3eH M@KTY HAMA UW KOHeYHOrO 


pesyJIbTaTa UX peasIN3alMu BCpHUIMHHOro 


WMCXOa, ABJIACTCH UX OOIbIIOe KOJIM4YCCTBO HU 
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4. To calculate realization 
measures of random events. 
5. To build the probabilistic form of the 


function of the realization of VO. 


probabilistic 


6. To put in it the probabilistic measures of 
realization of the basic preconditions. 

7. To obtain the final result in the form of 
probabilistic realization of VO measures in the 
system "object of waste disposal-protection- 
locality" [6,7]. 

Waste disposal, including dumping, is carried 
out on the objects that are environmental 
Structures that reduce or prevent negative 
impacts on the environment. 

Under the environmental aspects of waste 
disposal, in accordance with the generally 
accepted definition, we should understand the 
elements of dumping activity and its results, 


which, the 


environment [8]. 


ultimately, may impact’ on 

The main environmental aspects in production 
and consumer waste disposal may include: 
withdrawal of natural resources or subsoil for 
construction of buildings; handling with 
environmentally hazardous substances; flow of 
pollutants into the geological environment of 
underground bodies, water bodies, rocks, soil; 
flow of pollutants into surface water objects and 
nearby territories; emissions of polluting 
substances in atmospheric air. Indirect effects on 
flora and fauna — biological pollution and risk 
of fire (waste, emit flammable substances, 
especially if stored for a long time) [9]. 

The main reasons for the difficulty of defining 
of specifically realized groups of events, 
connections between them and the result of their 
realization - the vertex outcome, is their large 
number and the presence of indirect causes and 
consequences of their realization. 


Therefore, if we consider a system "object of 





Haymuve KOCBCHHBIX TPWYHH UU TOCIeACTBMUM Ux 
peamm3aluu. 

Tak, eCJIM pacCMaTpHBaTb CHCTeMy "OOBeKT 
3aXOPOHCHHA OTXOJOB — 3alIMTa — HaceJICHHbIit 
ITYHKT", TO, ONMpasich Ha _ BbIIMelepeyHcJIeHHbIe 
9KOTOrMYeCKHe 


aCHCKTbIl, MOXKHO OlpeTeCsIHuTb 


HeEKOTOPbIle BEPOATHbIe COOKITHA, BO3JIEMCTBYIOLIHe 


OKpyKalollylo  —- Cpe Jy. 
IKOJIOTHYECKUX ACIICKTOB, 


Ha IIpeqcrapnennue 


Kak IIPCAIIOCbUIOK 
MIpOMciuecTBUuM WM HCXOXOB 3alpxASHCHHA, CBCICHO B 


TaOmmiy 1. 


waste disposal — protection — locality", then, 


based on the above mentioned ecological 


aspects, it is possible to determine some 


plausible events, which have impact on the 
environment. Presentation of environmental 


aspects as preconditions of accidents and 


pollution outcomes are summarized in table | 


Table 1 
Taodnuua | 


IIpumepsi CBA3M IKOJIOTUACCKHX ACIICKTOB 3aXOPOHCHUA OTXOJIOB U 


IIPCMOCBIIOK MPOMCIIeCTBHH Kak CJIy4avHbIx COObITHH 


Examples of the connection of the environmental aspects of waste disposal 


and accidents preconditions as random events 


JIKONOPMYeCCKHH ACICKT 
Environmental aspects 


OOpaireHuve c ONaCHbIMM JIA OKpy?Karoler 
CpeabI BemjectBamMu / Handling environmentally 
hazardous substances 


IlocrymmeHue 3arpxSHAFOIIMX BelIeCTB’ B 


PCOJIOTHACCKYIO Cpety HOU3SCMHbIC BOJTHbIC 


OObeKTHI, TOPHbIe NOpoyzb, MOUBbI / The flow of 
pollutants into the geological environment and 
underground water bodies, rocks, soils 


IlocrymmeHue 3arpx3HAFOIIMX BelIIeCTB’ B 


IIOBCPXHOCTHBIC BOJHBbIC OObeKTHI 


IIOBCPXHOCTHBIC BOHBbIC OOBeEKTBHI Gt Ha 


Onu3iexkanue tTepputopun / The flow of 
pollutants into the surface water bodies and 
surrounding areas 


Bsl0pocni 3alpASHAIOIUMX BeLIIeCCTB B 


aTMOciepHbIM BO3TYx / Emissions of polluting 


substances in atmospheric air 


buosoruyeckoe 3arpa3HeHWe §OKpyKarollervi 


cpeyl / Biological pollution of the environment. 
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CiryyatiHoe coopiTue 
Random event 


IIpeppmtieHve YyCTaHOBJICHHbIX KOHI[CHTpalluu 
ONacHbIX JIA OKpyKarollei cpebI BelecTB / 
Exceeding the concentrations of environmentally 
hazardous substances 


IlpeppmtieHve yCTaHOBJICHHbIX KOHIICHTpallui 
BeLIeCTB B TeOMOrMyecKOH cpeye MOA3eCMHbIxX 
BOJIHBIX OOBeEKTAX, FOPHbIX TWoOposzax, mouse / 
Exceeding concentrations in the geological 
environment and underground water bodies, 


rocks, soil 


IlpeppimeHve ycCTaHOBJICHHBIX KOHI[CHTpallMu 
BeII[CCTB B HOBEPXHOCTHBIX BOJIHbIX OObeKTAX U 
Ha OnM3iexKaljux TeppuTopusx / Exceeding 
concentrations in surface water bodies and 
nearby territories 


IlpeppimeHve ycCTaHOBJICHHBIX KOHI[CHTpallMu 
BeIIeCCTB B aTMOCMepHOM Bo3yxe / Exceeding 
concentrations in natural air 


3a007eBaHHaA 2KMBOTHBIX HW HacereHua / Animal 
disease and people diseases 


‘cn a am an fh aia cf cf oe oe 
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Ha OCHOBaHHn JICUCTBYFOILero 


3aKOHOaTeJIbCTBa, OOYCTPOMCTBO MU cOepxKaHue 


OObeCKTOB 3aXOPOHCHHA OTXOJOB OJDKHO 
COOTBETCTBOBAaTb yCTaHOBJICHHbIM 
TpeOoBaHusaM [10,11]. 

Ec HCXOJIMTb 13 IIpHHuuna, 


pe ANOJarartOusero Oe30MacHOCTb IKCINTyaTauuu 


OObeKTa 3aXOPpOHeCHHA OTXOOB pu ero 


COOTBCTCTBUH YKa3aHHbIM TpeOoBaHHeM, TO Ha UX 


ceqyromme 
IIPeAHOCbIIKH 


OCHOBaAHUUN MO2KHO BbIWCJIUTb 


OCHOBHBIe 3HauMMBIe 
IIPOMCIIeCCTBHM B CHCTeMe “OOBEKT 3AXOPOHEHHA — 
3alllMTa — HaCceJICHHbIM MYHKT»»: 


= OTCYTCTBHC WIM HCKOPPCKTHOCTb YyUdeTa 


KJIMMaTOreorpapudecKux u TlOUBCHHBIX 
OcoOeHHOCTEeH, reouloruueckKux u 
THJIPOIOrM4ecKHX  YyCJOBHM MeCTHOCTH IIpu 
BbIOOpe yuacTKa HO YyCTpoucTBO oOOBeKTAa 
3aXOPOHeCHHA OTXOJIOB; 

—  OTCYTCTBHe Wn He€KOPpeKTHOCTb 


CaHHTapHOo-3ITMACMHOJIO“MYeCKOIO 3aKJIIOUCHHA O 
COOTBETCTBHH OObeCKTA 3aXOPOHCHHA OTXOOB 
CaHUTapHbIM paBiiaM; 

—  OTCYyTCTBHe WIM HeEKOPpeKTHOCTb 


peryiamMeHta UM pexuMa padoTEE oObeKTAa 
3aXOPOHCHHA OTXOJIOB CAaHUTapHbIM paBusiam 

—  OTCYTCTBHe WIM He€KOPpeKTHOCTb 
MHCTpyKUMH MO TWpveMy OBITOBBIX OTXOJIOB, C 
TpeOoBaHuit 


yueTOM IIPOH3BO.CTBeEHHOM 


CaHutTapuu jid padoTatommMx Ha oObeKTe 
3aXOPOHCHHA OTXOJIOB; 

—  OTCYTCTBHe HIM HEKOPpeKTHOCTb KOHTPOIJIA 
3a COCTaBOM MOCTYMarolMx OTXOJOB, yuerta 
MOCTYNarollux OTXOOB, 

—  OTCYTCTBHe WIM HEKOPpeKTHOCTb KOHTPOIIA 
3a paciipeyqesIeHveM OTXOJIOB B padoTarollen 4acTu 
oObeKTa, OOecMeyeHHA TexHOOrMYecKOrO WHKIa 
110 H30J1AUMU OTXOOB; 

—  TIpPHeM HeJIOMYCTHMBIX K 3aXOPOHeCHHIO 
OTXOJIOB; 

—  3aXOpOHeHHe U OOe3BPexKUBAHHE TBEPJIBIX, 
acTOoOpa3HBbIx OTXOJIOB IIPOMBILLIJICHHbIX 
ipequpuaTun (1—2 Kiacca omacHOCTH), B KOTOPBIX 
TOKCHUHBIe TSK EJIbIC 


cojlepxKatcar BeLIeCTBA, 


MCTaJIJIbI, a TaK#Ke TOPFOUHWe HU B3pbIBOOITaCHBIe 
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On the basis of the current legislation, the 
construction and maintenance of waste disposal 
sites must comply with the requirements [10, 
11]. 

If we take the principle involving the safety of 
operation of object of disposal when it meets 
the specified requirement, then on that basis we 
can single out the following main significant 
determinants of accidents in the “object of 
waste disposal — protection — locality": 

— the absence or incorrect accounting of 
climatic and soil characteristics, geological and 
hydrological conditions of the terrain when 
choosing a site for an object of waste disposal; 

— the absence or incorrectness of the sanitary- 
epidemiological conclusion on the compliance 
of the object of waste disposal to sanitary rules; 

the absence or incorrectness of the rules and 
mode of operation of a waste disposal sanitary 
rules 

— the absence or incorrectness of the rules for 
consumer waste receiving, taking into account 
the requirements of industrial hygiene for 
workers at the waste disposal facility; 

— the absence or incorrectness of control over 
the composition of the incoming waste, account 
of incoming waste, 

— the absence or incorrectness of control over 
the distribution of waste in the operating part of 
the object, provision of technological cycle for 
the waste isolation; 

— reception of unacceptable to disposal waste; 

— burial and neutralization of solid, pasty 
industrial waste (1-2 class of danger), which 
contain toxic substances, heavy metals, and 
flammable and explosive wastes at the facilities, 


with violations of sanitary regulations on the 


| | 





OTXObI, Ha OObeKTAaX, OplaHH30BaHHbIxX He B 


COOTBCTCTBUH C CaHUTapHbIMH IipaBWJIaMu O 


mopsyaKe HaKOMJICHHA, TpaHCHOpTUpoBKH, 
oOe3BpexKHBaHHA WU 3aXOPOHCHHA TOKCHUHBIX 
IIDOMBILMICHHbIX OTXOJIOB; 

— WpweM TpyloB MaBUIMX %KUBOTHEIX, 


KOHMUCKaTOB O0CH MACOKOMOMHATOB Ha OOBEKTHI 


3aX OPOHCHHA OTXOJIOB IIPOW3BOJICTBAa u 
MOTpeOsIeHuA; 
— TIpHeM  TBePJbBIX OTXOZOB  JIedeOHO- 


WpodustakTHyeckux yupexJeHuH Cc HapylieHHemM 
paBust cOopa, xpaHeHHa HU yJaJIeHHA OTXOJIOB 
neyeOHO-npod@usakTH4ecKuX yapexkeHuH; 

—  cOoOp BITOpH4uHOrO CbIpPbA HeMOCpeACTBeHHO 
M3 MYCOPOBO3HOPO TpaHcioptTa; 

—  COPTHpOBKa HU CeJICKTHBHbIM COOp OTXOJOB 
TIpu HapylleHuu CaHUTapHo-rurMeHu4ecKux 
TpeOoBaHui. 

Jia HacesIeHHOoro 


ITVHKTa IKOJOTHUEACCKAA 


OOcTaHOBKa MOXxeT KJlaccH(UuUMpOBaTbCA =O 


BO3SPaCTaHHFO CTCICHU IKOJIOTWUAECCKOLO 


HeOsaronosyqHA CIIELYFOMWMM OOpa3o0m [12]: 


OTHOCHTCJIBHO YIOBJICTBOPUTCJIbHAaA, 


— HalipsKeHHag; 

— kpuTHyeckas; 

— Kpw3ucHad (MIM 30Ha = 4pe3sBbMaiHon 
IKOJIOTHYeECKON CUTYallMn); 

— kaTacTpoduyeckaa (vIM 30Ha 


SKONOFMYeCKOrO OeCTBHA). 

Pe3ylbTaTOM YKa3aHHBbIX CJIY4anHbIx COOBITHH 
MOXKET CTaTb IpHoOpereHue HacesIGHHbIM MWYHKTOM 
IIpW3HakKOB =©TeppuTOpHU 


KpaviHew cTeneHHu 


HeOmarononyuna [13]. [na  onpenenenua 
KpuTepueB 
K1aCCHULMp yFOUnXx 


Hall psOKCHH YO Gt 


KayecTBa OKpyKalollenw cCpe/ibl, 
TeppUTOPHIO Kak 
KpuTuyeckyto, TpedOyroTcH 
JIONOJIHUTeJIbHbIC UCCIEIOBAHHA. 
CTpyKTypHO-JIorM4uecKad MOJelIb pealmM3aluu 
BepIUMHHbIX HUCXOJOB B  CHCTeMe "OObBEKT 
3aXOPOHCHHA OTXOJIOB — 3all[M4Ta — HacevIeHHbiii 


ITYHKT' IIpeCTaBsIeHa Ha puic. |. 
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procedure for accumulation, transportation, 
neutralization and burial of toxic industrial 
wastes; 

— the reception of the corpses of fallen 
animals, condemned mmaterial of meat 
processing plants on the objects of production 
and consumer waste disposal; 

— reception of solid waste from medical 
institutions with violation to the rules of 
collection, storage and waste disposal of 
medical and preventive treatment institutions; 

— reception of recyclable materials directly 
from refuse collection lorry; 

— sorting and selective collection of waste 
with violation to health and _ sanitation 
requirements. 

For a settlement the environmental situation 
can be classified in ascending order of 
ecological trouble in the following way [12]: 

— relatively satisfactory; 

— tense; 

— critical; 

— crisis (or zone of emergency ecological 
situation); 

— catastrophic (or the zone of ecological 
disaster). 

The result of these random events can be 
acquiring by the settlement the characteristics 
of the territory of a state of extreme distress 
[13]. More research is needed to be conducted 
to determine the criteria of the environmental 
quality, classifying the territory as tense and 
critical. 

Structural and logical model of 
implementation of vertex outcomes in the 
system of "object of waste disposal — protection 


— locality" is represented in Fig. 1. 


———— sd 


TIPESTTOCBIIKH 


OTCYTCTBHe IIH OrcyrcrBie, 
OTCYTCTBHe 

HEKOppeKTHOCTh yueTa HecoOmroueHHe WI ig 
IMaTOreONOrHyeckux HeKOppeKTHOCTB (HeKOppeKTHOCTS) 
Il WOUBEHHBIX HHCTpyKUHIH 10 Ipiemy IIpeBBIMIeHHe CeJICEKTHBHBIII 


“ a paclipeweweHHA OTXOLOB 
ocodeHHocTell, OBITOBLIX OTXOOB, C ————EE c6op cOop poe 


KOHTpolla 
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Puc. |. CrpyKTypHo-orMyecKad MO eJIb BEPIIMHHBIX HCXOJOB B CHCTeMe 
"OOBECKT 3AXOPOHECHHA OTXOAOB — 3alllMTa — HaCeJICHHbIM WYHKT" 
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OKCHepHMeHTaJIbHAaA WaCcTh. 


Ha ocHoBaHuu = aHas3a slaOopaTOpHbIx 
YccueqOBaHHH, IIPOBeJICHHBIX B pamkax 
IIPOW3BOJICTBEHHOrO KOHTPOJIA WU MOHMTOPHHTa 
COCTOAHHA OKpyxKarollel Cpeyibl oObeKTAa 


pa3smMemleHua oTxoZ0B OOO "FOxKHpm ropon” [14], 
OBWIO BbIABICHO, YTO Mp KCIIIyaTalMu OOBeKTAa 
pa3Mel[eHuA OTXOJIOB CYIIeCCTBYIOT TpeJITOCBUIKH 
BOSHHKHOBeCHHA CIIeJTyIOUIMX CIy4avHbIx COOBITHH, 


peamm3alua =  KOTOPBIX C HeKOTOpOH oven 
BeEpOATHOCTH MO%KeT IIpWBeCTH K_ CJIeJ,YFOIUIMM 
BepIUMHHbIM HCxOaM, laiee COOTBeETCTBeHHO 


oOo3HaueHHBIX Kak BM1; BM2; BM3: orsocutembHo 


YHOBJICTBOPHTeIbHad 9KONOIMYeCKad  cCHTyallA 
(OYDC); 4pesBbraiHad 9KOOIMYeCKad CHTyallA 
(49C); skonormyeckoe OeycTBHe (9b) [13]. 

JIA OLCHKH CTeneHu Oe30NacHOCTH SKCITyaTalWH 
OObeKTa pa3MelIIeHHA OTXONOB, a TakxKe JA 
pa3paOoTKH HM OOOCHOBaHHA TIPMMeHAeMON 3allMTHI 
aBTOpaMu pellasacb 3anaua pacuéta 
BO3MO2%KHOCTHOM Mepbl peasM3alvu KaxKOrO U3 
BePIIMHHBbIX HCXOJOB. 

IIpu aHasmM3e ObwIO IpHHATO, 4YTO CTPyKTYPHO- 
normyeckad (yHKIMA HacTyMIeHua KaKOrO U3 
(BM1, BU2 au _ BMW3) 


oOycJIOBIIeHa HOJIHBIM MHOOKCCTBOM OMMCbIBACMBbIX 


BCPUIMHHbIX HCXOJIOB 


IIpCAHOCbBIIOK {X1, Nis, KA. Nhs NG MGs: XI y, MOGs KO G | 

liIpescTaBsieHa Ha puc. | W uMeeT CeAyIOWIMH BUT: 
YH X_NXNXZNXANXE NXE NX, U (XQ N 

Xg2NXg3NX%g4N%Xg5) U (Xo1 N X92 N X93 N 


X94) (1) 


B cOOTBeTCTBHUM C IIpOTOKOaMM UCIIbITaHuH U 
W3MepeHHH TWOKa3aTesIeH KayeCTBa OKpy?Karolllev 
Cpeyibl, B palHoHe pa3mMeljeHux OOO "FO>KHpIi 
ropoy" HanOoree MoqBepxkeHbI HeraTHBHOMy 
BO3JCHCTBHIO OKa3bIBAaFOTCA TPYHTOBbIe BOI, B 
KOTOPbIX HaOHOaeTCA IpeBbIMIeHHe HATPaTOB, 4YTO 
ABIIACTCA WHIMKATOPOM 9KOJIOrMYeCKON CuTyallHu 
[13,14]. 


BCIICCTBa, HUTPaTbl OKda3bIBalOT Ha OHOLMHO3EI 


Kak WW MHorne Apyrve XUMUICCKHe 


JIBOAKOe BO3JEHMCTBHe: C OJHOW CTOPOHbI — 9TO 
OOa3aTeJIBHbIM KOMIIOHeEHT HMTaHHaA pacTeHui. C 
Ipyrouw CTOPOHbI, Mp CyIeCTBeHHOM W30bITKe 


HUTpaTOB, B TOM YUHCIe B ITPYHTOBbIX BOJIaXx, 


° S-jyournal.ru 


Experimental part. 

Based on the analysis of laboratory studies 
conducted in the framework of production 
control and monitoring of the state of the 
environment of "South city" disposal facility 
[14], it was found that in the operation of the 
disposal facility there are preconditions for 
the following random events, which with 
some probability may lead to the next vertex 
outcomes, which are respectively denoted as 


VOI; VO2; VO3: relatively satisfactory 
ecological situation (RSES); environmental 
emergencies (EE); environmental disaster 
(ED) [13]. 


To assess the degree of safety of operation 
of the disposal facility and to develop and 
justify the protection the authors have 
addressed the problem of computing of 
probabilistic measure of implementation of 
each of the vertex outcomes. 

In the analysis it was decided that the 
structural-logical function of occurrence of 
each vertex outcome (VOI, VO2, and VQO3) is 
due to the complete set of the described 
preconditions {x1, x2, X3, X4, X5, X6, X7, Xg.i 
x9i}, represented in Fig. 1 and has the 
following form: 

Y= xX NXNXZNX, NX NX NX U 
(%1 1 X%g2A%yzgNXga NXgys) VU (%o1N 


(1) 


In accordance with the protocols of tests 


X92 N X93 N X94) 


and measurements of indicators of 
environmental quality in the area of "South 
city" the most vulnerable to the negative 
impact are ground waters which have nitrate 
exceeding, which is an indicator of the 
ecological situation [13, 14]. Like many other 
chemicals, nitrates have a twofold impact on 
biocenosi: on the one hand, they is necessary 
elements of plant nutrition. On the other hand, 
with a substantial excess of nitrate, including 
the groundwater, there is a danger to animals 


and humans. According to the effect on 





BO3HHKaeT OMACHOCTh JIA 2XMBOTHBIX HW YeJIOBeKA. 
Ilo BIMAHWIO Ha 320pOBbe YeIOBeKa pa3JIM4arOT: 
IIl@PBUYHY!IO TOKCHYHOCTh HUTpaT-HOHAa; BTOPHYHYL!, 
CBA3aHHYIO CC 


TpeTHUHYyI0, 
HUTPHTOB HW aMMHOB HUTPO3aMHHOB. CaMu HUTpPaTbl 


oOpa30BaHveM HUTPHT-HOHAaA U 


OOYCJIOBJICHHYIO OOpa30BaHHeM 43 


OTHOCATCA K YMepeHO oOnacHbIM BellecTBam (III 
KIaCC OMAaCHOCTH), HO TO, JeHCTBHeM MUKpOMIOpbI 
KMIMe4HUKA UeT BOCCTaHOBJIeHHe HX B HUTPUTHI, 
KOTOpble BO MHOoro pa3 ToKcCHYHee. HUTpHTHI 
OTHOCATCA K BbICOKOONaCHbIM BellecTBaM — II K1acc 
onacHoctTu | 17]. 

Pacuet BO3MO2KHOCTHOM 


MepbI OTPaBJICHUA 


BpeHbIMU 3alpA3HAFOWIMMU BeLeCTBAaMH 
IIPOW3BOAMJIICA CIIEYIOMIMM OOpa3omM. 
IlapaMeTpuueckad MOeIb YCIOBMM IpeBbIINeHHA 
TlapaMeTpoB BO3JIeHCTBHA Hal lapamMeTpamu 
BOCHPHMMUMBOCTH JIA TDeX BO3MO?KHbIX HCXOJIOB Ha 
lipuMepe JleHcTBUA HUTPaTOB B IPyYHTOBbIX BOJax 


lipecTaBsleHa Ha puc. 2. 


Bo3MoxKHOCTHaa 
Mepa 


human health, we can distinguish the primary 


toxicity of nitrate ion; secondary toxicity 
connected with the formation of the nitrite- 
ion, and tertiary toxicity, due to the formation 
of nitrites, amines and nitrosamines. The 
nitrates themselves belong to moderately 
hazardous substances (III hazard class), but 
under the influence of the intestinal 
microflora there is the restoration of them to 
nitrites, which are many times more toxic. 
Nitrites are highly hazardous chemicals — II 
hazard class [17]. 

The calculation of probabilistic measures of 
poisoning of harmful pollutants is carried out 
in the following way. 

The parametric model of excess terms of 
parameters of influence over the receptivity 
parameters for the three possible outcomes on 
the example of nitrates action in_ the 


groundwater is shown in Fig. 2. 
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Puc. 2. Unnroctpatina Tpéx BepIIMHHbIX MCXOOB Ha IpHMepe JJeHCTBUA HUTPAaTOB B IPyHTOBBIX BOJaX 


Fig. 2. Illustration of three vertex outcomes on the example of nitrates action in the groundwater 


AsIropuT™ MOAPOTOBKH H HWOJYAICHHA UCXOJTHBIX 


JJAHHBIX Id pacueTa BO3MO%KHOCTHBIX Mep 
BO3HHKHOBCHHA TpeX BePIIMHHbIX WCXOJOB Ha 
mpuMepe JeHCTBUA HUTPaTOB B IPYyHTOBBbIX BOax 


COJEPXKUT CiIeyrouMe ITAMMBI. 


The algorithm for preparation and 
obtaining source data for the calculation of 
probabilistic measures of occurrence of three 
vertex outcomes on the example of nitrates 


action in the groundwater includes the 


1) Baioop 3HaueHuu llapamMetTpa following steps. 
BOCHPHMMUMBOCTH, a TakK%Ke TMOrMpeliHocTew ero 1) The choice of susceptibility parameter 
IpeyCTaBeHHA WIA CeYIOWMX BepIIMHHbIxX values, as well as errors in its representation to 
MCXOJIOB. the next vertex outcomes. 
BepmmuyHpml ucxoa BUI — orHocutTenbHo The vertex outcome VOI is a relatively 
: scjournal.ru a 





YHOBJICTBOPUTeIbHad XKOUOIMY4eCKad CHTyallHA. 
BocnpuumunBsoctb K OYOIC Bpbipaxaetca depe3 
3HayueHne yosen ITIK — 

n; = I1(U1K). AOcomtotHaa morpeliHoctTh 
IIpeACTaBJICHHA WapaMetTpa BOCIHPHMMMUYMBOCTH: 

A;= Oxn j= 0,5x1 = 0,5 (IUIK). 

Bepmmuypml ucxoy BYU2 — upe3pprmainaa 
9koorM4uecKad cuTyalud. BocttpuuM4unBOCcTb K 
YOC Belpaxaetca Yepe3 OlIpezeueHHOe MOPOroBoe 
TWIK — n,;=I10C1IK). 
IOrpelIHOCTb IIpeCTaBJIeHuA 


3HaueHHMe oven 
AOcosIKOTHAaA 
mapamMetpa BocipunMynBocty | 13]: 
A; _ Oxn j= 0,5x10 =5 (UK). 

BepmmmuHpm ucxoy BU3 — dskonormyueckoe 
OegcTBue. Bocnpuumunpoctb K Ob Bbipaxaerca 
yepe3 olpeyeleHHoe NMoOporoBoe 3HayeHve Oen 
ITIK n; = 1OOUTAK); aOcontoTHasa MorpeliHocTp 
IIpeycTaBsIeHHA WapamMeTpa BOCIIPHHMYMBOCTH K 
Ob [13]: 

A;= 6xn;= 0,5x100 = 50 (IK). 

2) M3mepenue 3HaueHuu llapaMetTpa 
BO3CHCTBHA S IIPHHATO Ha OcHOBaHUH | 14]: 
Nizm = 8,37 (UK) u aOcomroTHON HorpemmHoctTu As 
ero IIpeyIcTaBJIeHHuA, 3HayeHue KOTOpOH 
COOTBETCTByeT THOrpeliHOCcTH cmocoba, KOTOPbIM 
IIPOBOJMIIMCbh MCIbITAHHA TPyHTOBbIX BOT [15]: As 
= 6 x nj= 0,2 x 8,37 = 1,67 (mr/M’). 

3) Pacuer lpuBeyeHHoro MapamMeTpnyeckoro 
3allaca Oe30lacHOocTH: zb; = 0,42. 

4) PacueT BO3MO2%HOCTHOHM MepbI OYIC: 7 j= 1 
— zb; = 0,58. 

AHasIOrv4HO Ob =60oMOJIYYCHbI ~=—s HCXOJIHBIC 
JJaHHbIe UW pe3yIbTaTbl pacueTa JIA pyrux 


BepIUMHHbIX UCXOJOB OT JeHCTBHA 


yrslepoya, 
KOTOpble CBeJICHbI B TAOJIMILy 2. 


oKcuya 


(popMasbyerngqa UU  alleTaibaerusa, 


satisfactory ecological situation. Susceptibility 


to RSES is expressed through the value of the 
parts of MPC — 
n; = 1 (MPC). The absolute error of 
representation of the susceptibility parameter: 
Aj= 0xnj= 0,51 = 0.5 (MPC). 
The vertex outcome VO2 is_ an 


extraordinary environmental situation. 
Susceptibility to the EE is expressed through a 
certain threshold value of parts of MPC — 
n;=10 (MPC). The absolute error of 
representation of the susceptibility parameter 
[13]: 

A; = 6xn;= 0,5x10 = 5 (MPC). 

The vertex outcome VO3 — environmental 
disaster. Susceptibility to ED is expressed 
through a certain threshold value of parts of 
MPC n; = 100 (MPC); the absolute error of 
representation of the susceptibility parameter 
to ED [13]: 

A;= 0xnj= 0,5x 100 = 50 (MPC). 

2) Measurement of values of the exposure 
parameter s are usually conducted on the basis 
of [14]: ny, = of 8,37 (MPC) and the absolute 
error As of its representation, the value of 
which corresponds to the error of the way in 
which groundwater tests were conducted [15]: 
As = 8 x nj= 0,2 x 8,37 = 1.67 (mg/m”). 

3) The calculation of the parametric safety 
margin: zb; = 0,42 

4) The calculation of RSES probabilistic 
measures: 2 ;= | — zb; = 0,8. 

Similarly, we obtained the raw data and the 
calculation results for the other’ vertex 
outcomes from the action of carbon monoxide, 
formaldehyde, and acetaldehyde, which are 
summarized in Table 2. 
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Taomuua | 
Table 2 
PacueTHble 3HaueHuA BO3MOXKHOCTHOM Mepbl TPEX BEPIIMHHbIX HCXOOB Ip IMHCCHH 
3alPA3HAFOIUMX BeIICCTB B OKPy2Karollly!oO Cpeyly 
The calculated values of the probabilistic measures of three vertex outcomes in the emission 
of pollutants into the environment. 


HwxHaa 
HeraTuBHbiii rpaHutta Bepxuaa 
(bakTOp, BeplinHHbIl Ucxor BOCIIPHHM4M rpaHuia 


3armac 
Oe30rac 

HOCTH 

Safety 


margin 


Bo3MO2KHOC 
THad Mepa 
Probabilist 
ic measure 

Nj 


KOHI[CHTpallna n, (i=1,2,3) BOCTH BO3JICHCTBHA 
[qos ITJIK | Vertex outcome Lower Upper 
Negative factor, (i=1,2,3) susceptibility | impact limit 
concentration n, threshold s,t A's Zb | 


r,;— N'p 
5 OY3C / .RSES, i=] 
sr mapas |__dOC/.EE, i=4 10240,51 | = fe 
Carbon monoxide 
3B / ED, i=5 a 
OY3C / .RSES, i=1 0,5 
1+0,5 








AmMMuak Ammonia UDC / .EE, i=4 

OB / ED, i=5 
P OY9C / .RSES, i=1 0,5 

oe Y93C / EE, i=4 1+0,5 
Hydrogen sulfide 

OB / ED, i=5 
OY9C / .RSES, i=1 
aes OC / .EE, i=4 1+0,5 
enzene 
9B / ED, i=5 


Nitrates 


ane OY9C / .RSES, i=1 16-8 0,94 
BHHeL 
Mercuru : 
re Y9C / BE, i=4 32-16 ery 
Lead 
Rowe 3B / ED, i=5 128-64 
MBbillibak 
Arsenic 
Comepxanue MM | Oy5C/ RSES, i=1 
TeJIbMHHTOB Absence oTCyTCTBHe 
Uncio nWaToreHHbix OV9C / RSES. j=1 
MUKPpOOpraHH3MoB Absence 
Number of Y9OC / .EE, i=4 10°-50000 ae aataiaae 
athogenic Absence 
aie 9B / ED, i=5 10°-500000 
microorganisms 
S-T]TO0OUrhnal.ru 


ATMocdepHbIi Bo3zyx / Natural air 


I pyHTOBble BOJIbI 
/Ground water 





3arpaA3HeHHA MOUBBI, ZC 


Iloka3aTesIb XUMHYeCKOrO 
Indicator of chemical contamination 





Men 
Copper 
Hukesib 
Content of helminth YOC 7 EE, 1=4 Absence 
CLES 9b / .ED, i=5 100-50 
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AHasIM3 TOJIYICHHBIX Pe3YIbTAaTOB (CM. CTPpOKy 
«HutTpaTbp>) WOKa3bIBaeT, YTO BO3MO2%#KHOCTHad 
Mepa peasM3altuu BepIIMHHOrTO ucxoya — 
OTHOCHTEJIBHO YHOBJICTBOPUTesIbHaAr 
9kouorMyueckad cuTyauua (OYIC) pasHa 0,58. 
@MakTuyecKH 9TO O3HayaeT, Y4TO Ooee eM 
TIOJIOBMHa HaceJIeHHA HaxXOWWMTCA Ha TpaHue 
YXYHINeCHHA CaMOYYBCTBHA OT HeraTHBHOrO 
BO3JICHCTBUA HUTpaTOB. 

Bpuxy Toro, 4YTO TexHOJOrMYecKHH Wporecc 
3aXOPOHeHHA OTXOJIOB Ha _ IOJIMrOHe OOO 
«FOoKHBIN FOpoy» IpeqMouaraeT cOop u yameHue 
(puJIbTpaTa 4epe3 CHCTeMy MepdopupoBaHHBIx 
TpyOoK Cc TOCJICJLYFOULUM BbIBO30M 
CHelMasIM3MpOBaHHbIMH OpraHv3aluaMU JIA ero 
oOe3BpexKUBAHHA, a TEMO MOMMrOHa repMeTHYHO U 
W30MpOBaHO OT KOHTaKTa C KOMIIOHEHTaMu 
OKpyxKarollleH CpeyIbl, CCTb HECKOJIbKO BapHaHTOB 
BO3HHUKHOBCHHA ~=TIPeBBIIICHHA ~=©—SS KOHI[CHTpaluu 
HUTpaTOB B Tpolecce 9KcIyaTauwuu OObeKTa, B 
3aBHCHMMOCTH OT KOTOPbIX HeOOXOJHMO BbIOpaTb 
3alllMTHbIe MepolpusTua. CxemMa  3alllMTHbIx 
MePONPHATHH pezCTaBseHa Ha puc. 2. 


The analysis of the obtained results (see the 
line "Nitrates") shows that the probabilistic 
measure of vertex outcome is a relatively 
satisfactory ecological situation (RSES) and is 
equal to 0.58. Practically, this means that more 
than half of the population is on the border of 
feeling unwell from the negative effects of 
nitrates. 

Due to the fact that the technological process 
of waste disposal at "South city" landfill 
involves the collection and removal of filtrate 
through the system of perforated tubes with the 
following removal of it by the specialized 
organizations for its neutralization, and the 
body of the landfill is leak-proof and isolated 
from the contact with components of the 
environment, there are several variants of 
occurrence of the excess concentrations of 
nitrates in the process of operation of the 
facility, depending on which one need to 
choose protective measures. The scheme of 
protective measures is shown in Fig. 2. 


[[peBEmieHie HUTPaTOB B IPYHTOBBIX BOTax 


ai DUYUWHSI GOSHUKHOGEHHWA 


Hapymlenne 
H30JIAIIIOHHOTO CJION 
Tella OObeKTa 
3aXOPOHEHHA OTXOJOB 


JlecdexKTEI PUIbTpaTo- 


OTBOJIAIMIEH CHCTEMBI 


HapyllleHHa [paBli 
cOopa 1 
TpaHCHOpTHpoBaHHa 
(pIIbTpata 


J]uarHocTuka 


(DHNIbTpaTOOTBOIA eH 


J{uarHoctika 
H30JISIIMOHHOTO 
IOKPbITHA 


Oodopyd0BaHHe 
JJOMOUTHHTeENBHOIO CIO 
I30JIAUHH, CMeHa 
I3O0JIAIIIOHHOTO 
MaTepliasia 


PeKOHCTpyKIUHA 
HJIBTpaTOOTBO ell 
CHCTEMBI 





Sau (MMAGIe MEDONDUAMWA 


CHCTCMBI 


Pa3pa00TKa HHCTpyKIMII 
codopa 1 
TpaHCHopTHpoBaHiie 
(pIIbTpatTa, KOHTPONIb ee 
BBITIOJIHCHIA 


Ls 





CHIDKEHHE KOHUCHTPalHil HHTPaTOB B 
PPYHTOBBIX BOTA 








Puc. 2. CxemMa onpeylereHve 3al[MTHBIX MePpONpHATHH JIA CHWKCHHA 


KOHI[CHTpallMH HATpaTOB B IpyHTOBBbIX BOaXx 
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Violation of the 
insulation layer 
body of the object 
of waste disposal 


Violation of the nules 
of collection and 
transportation 
of the filter 


Diagnosis of filter system 


Diagnostics of 
insulation coating 


Equipment of the 
additional insulation 


layer, change of 
the insulating maternal 


Protective meas 





Reconstruction 
of the filter system 


Development of instructions 
for the collection and 
transportation of filtrate, 
monitoring of its 
implementation 





ures | 


Decrease in nitrate concentrations im groundwater 


Fig. 2. The scheme of protective measures to reduce nitrate concentrations in the groundwater 


Tak Kak mIpu J[MarHOCcTHpoBaHHu 
(PHJIbTpaTOTBOALIeH CHCTeMbI HU W30JIAIMOHHOrO 
cioa momwroHa OOO «lOxKHbIM FTropoy He 
BBIABHJIM 3HAYMMbIX e@eKTOB HW Hapyillenni, 
aBTOpaMH OBIT pa3spaOoTaH IpoeKT MHCTpyKIWMH 
cOopa UU TpaHcnoprupoBaHua duibtTpata. B 
pe3yiIbTaTe UCIOJHeEHHA TpeOoBaHuH ykKa3aHHol 
MHCTpyKIMH, Upu ycNOBMH KOppeKTHOCTH 
IIpOBeAeCHHOM AWarHOCTHKH, pacueTHOe 3HadeHHe 
BO3MO2KHOCTHOU MEpBI HacTyMJIeHuA 
YIOBJICTBOPHTeEJIbBHOH SXKOJOrMYeCKON CHTyalluu 
COCTaBHT He MeHee 0,91. 

BBIBOJIBI. 

B pe3yibTaTe uccieqoBaHui Oblia WpoBeyeHa 
ajlanTaluusa § JIOTMHKO-BO3MO2%KHOCTHOTO MeTOsa 
TapaMeTpHuecKOrO MOJeIMpOBaHHA B YHUKAJIBHOM 
CUCTeMe «OOBEKT 3aXOPOHCHHA OTXOOB-3alllMTa- 
HaCeJICHHbIM MYHKT>> JIA OL[CEHKH IKOJIOrM4eCKOrO 
pucka 9KCIIyaTaljuH OmacHbIX 9JIEMCHTOB C 
YCTaHOBJICHHeM Mep yliIpaBJIeHHA UW CHWKCHUA 
OmacHOcTH. Yka3aHHbIM MeTO, MOXeT IPHMMeHATCA 
MaJIOW 


B YCJIOBUAX Or paHHdCHHOCTUu Gt 


W3VY4UCHHOCTH UCXOJIHBIX JIaHHbIX B- JIKOOOK 
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Since the diagnosis of filtrate removing 
system and the insulating layer of "South city" 
landfill has not identified any significant flaws 
and inconsistencies, the authors have 
developed the draft guidelines for filtrate 
collection and transportation. As a result of 
instruction requirements fulfillment provided 
that the diagnosis was correct, the estimated 
value of the probabilistic measures of the onset 
of a satisfactory ecological situation will be at 


least 0.91. 


Conclusion. 
In the investigation there has carried out the 


adaptation of the logical-probabilistic method 
of parametric modeling in the unique system of 
"object of waste disposal-protection-locality" 
for ecological risk assessment of the operation 
of hazardous elements in order to establish 
management measures and reduce the risk. 
This method can be applied in the context of 


limited and poor knowledge of source data in 


yy S. ET = oo ao oe 
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JICUCTBUTCJIBHOU CHCTeMme, COCTOAIeH 3 


39JIEMCHTOB — OOBECKT 3aXOPOHCHUA OTXOJIOB, 


HaceJICHHbIM YHKT. Pe3ylIbTaTbl MpoOBeeHHOU 


ampoOaluu atanTHpOBaHHOro JIOTMKO- 


BOSMO7KHOCTHOLO MeTO]Ia TlapaMeTpuo4IeCCKOLTO 


MOJCJIMpOBAaHHiA B PpaMKaxX CHCTCMbI «MOJIMTOH 


TBepybIX OBITOBBIX OTXOZ0B OOO «iO>KHbIii 


TOpOd» — yuacTOoK CeMTeOHONM TeppuTOpHu» MOryT 
ObITb HCIOJIb30BaHbI Ip BbIABJIGHHH WeHTHUHBIX 
(paKTOPOB MOBbIMICHHOM OMAaCHOCTH. ITO MO3BOIIMT 
3HAYHTeJIbHO YIIPOCTUTb onpeyesuIeHuve UW CHYDKEHUHE 


IKOJOIM4eCKOTO pucka paccmaTpuBaemMon 


CHUCTCMBI. 
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any system, consisting of the object of waste 
disposal and the locality. The results of the 
testing of the adapted logical-probabilistic 
method of parametric modeling in_ the 
framework of "solid waste landfill "South city" 
— part of the residential district" can be used 
for the detection of identical factors of high 
risk. This will greatly simplify identifying and 


reducing of environmental risk of the system. 
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